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\ ' : IHTRODUCIIOH 
v' * • . • 

Activity of the Centre for Educational Research and Innovation 
(CJBRI) concerning educatlonaj. growth and educational opportunity consists^ 
" of three' interrelated p?*ooects: 

Z*^* .s ^ ' (i) alternative strategies foV equality of educational 
oppo'rttinityj 

^fii^^strate^gic decision-making problems; 

' *(iii) alternative Ideational futures, • ^ 

In the context 'of' the 'l)ro3ect on stj^ate^ic decision-making problems, 
CERI is trying to develop new apprqaches. Ijo educational planning that 
Vill be characterised by an orgcini3$.tional pattern 'integrating planning 
more closely wijh the decision-making process* .This project is of course 
concerned 'with the planning techniques likely to be generally use'd for 
educational planning in the, next decade • An initial, experiment with 
simulation techniques has been can^i^'d out by the Secretariat* After 
the publication" and testing of this model, it was necessary to investi- 
gate the use of this kind of technique for pipblems of long-term educa- - 
tional planning. For this purpose the Secretariat organised a meeting 
Of a group of teghnicaJ- experts on. the .6th and 7th July, 1970 in Paris, 

The following technical, report, which is in two parts, contains 
the ,most significant papers presented at this meeting. In the first part 
the authors of the model compare it with alternative techniques, describe 
its field of app34.cation and make a special *study of the French educa- 
tional system. The papers in the ^second part deal, more specifically with 
the critical evatluajion of the model and draw attention toAts potential 
applications in various national contexts, / 



SUI4MARY> RECORD OF THE MEETING 



Discvissions on tte first day mainly covered problems relating to 
the use of models for long-term educational planning^ and participants 
concentrated pja four major themes. 

The first discussion devetped around the problem of evaluating a 
particular model, i.e. whether Vvaluation criteria could be formulated. 
It was first emphasised that communication between planners and decision- 
makers was difficult and sometimes impossible and, as decision-makers 
had little or no \mder standing of the significance of the alternatives 
proposed by the planners, it seemed difficult to define criteria that 
would be ^meaningful to both parties. From a purely technical standpoint, 
two criteria might be use^ to evaluate a given model: 

- the coherence of its structure; 

- the degree of approximation to the reality that it 
represents. 

According to R. Durstine, it would be advisable to adopt a more 
general position and try to formulate a reail "economics of models" 
delating their cost to their utility. Depending on the situations this 
"economics" would offer a set of criteria for selecting' the most appro- 
priate model. 

\ 

As conditional predictions can be made with sinvilation models, it 
was expedient to analyse their usefulness in the planning process. 
Participants first emphasised that thepe was a difference "between pre- 
dictions atnd projections. *A11 predictions are conditional and, by 
integrating non-quantifiable factors, seek to answer questions of . the 
type: "what will happen if this?", whereas projections consequent on 
an observation in time propose only an identical- future development. 
According* to P. Armitage, conditional predictions as practised were s 
likely to be a relativiely gratuitous exercise "for th0 decision-maker 
who, in fact, was seeking information on propositions of a^ symmetrical 
ty^pe: "If* this is the situation, what action shoxad be taken?" ("what- 
if" vs "if-what"). More pj^ecisely, it could' be said that planners have 
so far tried by using ingenious sets of assumptions to cover the range 
of potential future situations without analysing possible action to 
meet these' situations. This naturally led on to a discussion of the v' 
concepts of the control theory, in particular feed-back couplings, 
which the SOM ignored. The reply to this was that the long-term planning 
process could not integrate the concepts of the control theory because 
the education system is in continuous development and' its specifications 
eluded analjrtical description. However, P. Alper pointed out that the 
;latest developments tn the control theory show that the "observability" 
and 'bpntrollability" sub-systems can easily lead to a system that is 
neither obse'rvable n©r controllable; it' would therefore seem difficult 
to use the control theory in modelling the education system. . 
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i Since a feimulation model attempts to construcft alternatives r^ela- 
. .tive to different sets of assumptions, the problem thus consists of 
choos^ing among these alternatives* The cost of constructing the latter 
is high a^d it is not easy to. see what criterion to use- for the choice. 
,The statement of these alternatives co\ild serve as a first filter. ' 
Moreover, the lack of objective function in the model mj^ght t5e offset 
by the use of a series of different criteria to reject "unacceptable / - 
alternatives {from the standpoint of a given policy ^ ' ^ 

The use of a model based on the concept of transition coefficients 
depends on the determination of the latter.' In this connection, partici- 
paiits described two attempts at statistical e»valuation* 

- The first (Heidelberg University) was related to the use of a 
system of individualised data and made it possible to construct 
series (3-4 years) relating to entrance, death and migration 
coefficients by sector and by age; according to the 'authors, 
such an investment is not as valuable as had been thoiight a, . • 
priori for long-term planning.* * . ' 

— ' * 

- The second attempt (Canada) was more particularly^ concerned with 
, following a cohort of 19,000 pupils in the feame Sge-groujJ^ this 

study shows that transition coefficients (priinary/secondary) ai*e 
dependent variables and it appears that the analysis tf '"flows'^ 
is more rewarding than that of transition ^coefficients. 

on£^4.^^^ second day it vas possible to discuss necessary improvements 
in SOM t9 eliminate most of its weaknesses. Purlfhermorei participants 
generally agreed* on the need for decision-makers to have at their dis- 
posal low-cost models which are easy to use. ' ' • 

(a) The lack of a preference function in the model 'precludes easy 
choice among the alternatives constructed. The introdubtix)n i 
of cost constraints or "filters" would make it possible to ' ^ 
discard unduly costly alternatives. 

• (b) The definition of a simplified versio'n of SOM, .utilisirig only 
the Plow and Indirect Resource Submodels, would enable adminis- 
trators to become familiar with a fairly uncomplicated, tool. ' 

(c) Modification of SOM so that it can be used without the Plow 
Submodel, calcjulating student stocks outside the model by 
another forecast^j^ method. 

(d) To change or adjust the silgorithm of the restricted entry 
section, as the pattern is probably not consistent with demo- . 
cratic rules: Xor example, women are usually discriminated 
against. . ^ 

(e) To introduce into the model behavioural relationships making 
it possible to estimate the futxrre trend of transition 
coefficients. » . . 

(f ) To calculate in the Resoxrrce Submodel the cost of replacing ' 
' worn-out equipment and to introduce capacity depreciation. 
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The participants then considered the utilisation of this type of ^ 
model and guidelines for CERI's work in this field. They made the 
following proposals: 

1,, Efforts should .pow , be concentrated on applications. Modifica- 
tions to the mddel shoiild be introduced only in relation to. application 
studies* ' - * . 

• 2. Applications should be directed towards the coimtries eoncemed, 
with technical assistance from CERI, if necessary. The participating ^ ' 
countries which, had already expressed immediate inte!rfest (Netherlands,' 
Ireland, Germaiify) wer^ already familiar with comparable models. 

3» The subsequent comf)letion of case studies should be acqompanied 
by descriptions which are sufficiently explicit to be used by high- 
level decision-making administrators. This could lead to a considerably 
Uetter understanding of long-term educational planning. 
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. 1. INTRODUCTION i 

• ^ ; 

!•! Educational PIanniiig > , x 

Planning is meant her^ as the development of general guide- 
lines for the future development of. the planning object Ti»e. the 
educational system or .part of it) and .a prograimne of .action for 
th^ implementation, *Io'ng-term plannifig (5-15 year plans) is Sbme- 
'*times called strategic planning as compared to short-term planning: 
tacticftl planning* 

2. A, significant difference between short-term sind long-term plaii- 
ning is tl^t many factors that are unchangeable in the short run ' 
are :variables in -the long run. This is true, for instance, for 
regulations, organisational structures, partition' of decision- 
making power and responsibilities, between central aifd local centres 
and higher arid low^r dedision-making JLevels, , ' 

^5. In the educational system a large number'^of variables are quan- 
' tif iable such as ^ the 'number of pupils or students in varibue ^ 
branches, various types of monetary and physical resources required, 
and the demand of qualified manpgwer of various categories. In 

^ strategic planning it^ is,' therefore, necessary to deal with' a large 

amount of^data, often uncertain and interrelated in. a complex way. 
Only some 15 or ?0 years ago the educational system was cons'idered 
as a "principally static one only npw and then in need of som6 minor 
TOform, There has been, however, a growing recogdition of the 
importance of consciously develop!^ the* lystem in accordance With 
educational .oi?jectives and continuously adapting it to a changing 
society, Aloiig, with the increasing emphasis on educational plfinning 
there has, naturally, been £in increasing u§e of various c^thematicaJL 
, methods suad models to deaX with f he quantifiable factors, Mathema-- * 

\j tiC£(i pro,cedures of varying, simplicityr have been applied such as . 

additions, multiplications,^ matrix Inversions, linear' prograjmping, 
differential etjuations, detetminijstixj/or Monte Carlo simulations^ : 
etc, * ' ^ \ * * 

4. Some general definitions conceniing models are given below as j 
a background for the sul^^equent discussioir of the role of Simula-^ 
tion techniques* as compared to other techniques in the aaialysis of 
Educational planning problems,^ •* • 

1,2 The Model Concept » . ^ ' ' \' 

5. A model is' a theoretical description of certain afepeistQ of* a 
real-life process or system. In science, models .have long been usfed, 
more or less explicitly, <Phe study of ^ata'from some procfess -might 
indicate some kind* of regularity. The description of this r^'gular- 
ity, e,g, in terms of a mathematical f\iixction, gives a hypolihe.t^cal 
igodel of the process. The use of the model may indicate .cjonclus;&lis, 
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the validity of which -can then be invesiJigattd. An example is the 
de^velORment that led to*Newton'*s laws of ^motion and^gravitation* 

6. This way of constructing and u&ing models has, alao been signi- 
ficant in operations research and economic theory. In connection' » 
with long-range planning and forecasting- problems the model concept 
is, however, used, slightly differently. No data cin be collected 
about the overall performanpe of future systems. or processes. 
MqdgJ^s concerned with .the future development of a system' have 
therelfa^;^' to be leased on theoretical ^l^rJ^^gf relationships 
between^omponents and' causal relatiG^^Sjj^H^^ model takes 
accounrt*^f, more or less accurately , ■BSKi^^aracteristics of 
the^.systen but omits others. Th^ choice "r characteristics taken 
into account as well as the degree of accuracy aimed at, depend 
pon the types of problems the model is meant to help analyse. - 
t is, therefore, always uninteresting to discuss the realism of , 
this type of model per se . The point that matters is whether the 
influence of various factors on the outpuf^of the model is de- 
scribed accurately enoxigh for the problem area *f or which the model 
is developed or applied. 



Classification of Models . . ' * * * 

7t Models can be classified in a number of different ways depend- 
ing on their structure aij^on^the features emphasised. Models may, 
for 'instance,' be divided according to the process or system they 
embrace, or according to the level of disaggregation or decision- 
iliaking level they concerns'. A survey df classification principles 
are given in "The Role of Analysis in Educatioftal Planning". (l) 
For the purpose of this paper it is more convenient to classify 
models according to their .mathematical structure,, and thus for 
example distinguish between sinalytioal and simulation models, 
stochastic and deterministic nfodels and between manual and com- 
puterised models. To facilitate a diSQussion about the use of 
simulation techiiiques in educational planning, definitions of some 
di/ferent types of i^odels may be useful. • • * - ' 

8. Deterministic models are characterised by the fact that they 
describe processes without statistical variations or without 
t8dd.ng account of such v#.riations. Stochastic models ijiclude 
random , variables and give the statistical ^distribution of the 
outcome. - . . ' • ^ 

9. Analytical models express directly by^ form\ilas the influence 
on thd outcome of the different input parameters. They may be 
deterministic or" stochastic. Ji)ven with fai-rly schematic descrip- 
tions of systems including random elements, it tody be, difficult 
in-practice> to derive expressions f or* tfe p^'obability distribution 
of the outcome. It is, therefore, usual to change to anc^fher type 
of model, -the " Monte Carlo " modeib, fbr- descriptions or simulations 

(1) B. 3chwarz:' "The Role of Analysis in Jkiucational l>lanning", ' 
Background gtudy No. 9, for the OECJ) Conference on Policies 
for Educational Growth, STP(70)l3. 



of mor6 complex chains of events in which j^robabiii&tic^ elements 
play a 'prominent rple. ^ ' , ' \ 

•10, Manual gaming is distinguished by th^ idea of' play, the 
decieion function being performed by.hUmari beings at some ^fetage 
.of the calculations. Usually the Monte Carlo method is used, but 
average values may aiaa:.be formed. There are many different forms 
and 'fields of applic|L'^<5n of manual gajning. Political games, for. 
instance, are used^dr studies of conflict situations between 
• nations in order to provide a basis for political decision^i There 
are also diffejffent types of manag^emeht game 9 jfor studies of com- 
petition, priOT policy, etc. • • . ^ ' ^ 

. t - 

11. Monte Carlo models simulate chains of events in chironplogical 
order. These chains have a number of brantjhes, each oif which'^is 
given a number representing the probability of chposing that 
brajich. Whe^ faced with a choice of route, a random number is used 
to decide wj^ich branch to take. Monte Carlo simulations are some- 
times eamied out man\ially# For statistical reliability the ^simu- 
lation often has to ^e repeated a large n^ber of timep^ wjiich 
sometjiie,^ is possible in practice only JLf "a c^omputer is used. « * 
Monte Ce^lo models are sometimes divided into time-step and event- 
' store simulations, depending on how time is treated. In the time- 
step method one divides the duration of the sinn^ated period o^f^ 
time into a number of successive, time intervals* In the event- 
'Store method, on 'the other hand, after a given ev^ent has Recurred, 
one determines and "stores" a set of futuj'e asvents and the tim^s 
at which they will occur and then selects and determines the out- 
come of the earliest. 

12. A computer model is pL model progirammied for an* electronic com- 
puter. When designing a model which is to be programmed for a 
computer, 'fcomputer capabilities as well as the intended use of the 
model have to be taken into account in order to obtain axi efficient 
computer programme. . ' , ' 

Whether or not it is preferable to uae a computer^ for the 
calculations depends on the extent to yhiGh the expenditure of 
time and cost on programming the model is made up by the greater 
speed of calculation. If, for instance, the outcome of a process, 
, as describedj by a. model, is to be determined foV many different 
sets of input data, computet models are often preferred even if 
the programming worjc is tlme-cdnsumiag. If, on the other hand, 
the outcome is only to be determined for a f^w alternative sets 
of *input data, one may prefer to carry out the simulation or the 
csp-culations "mahueuLly", possibly with a desk calculator. 

13. Linear programming is a technique for maximising linear func- 
tions, subject to a number of constraints in the form of linear^ 

#"ineq\ialities. Ihxrlng recent yeai*s methods have "been sought for a) 
wider class of optimisati'^n problems, ^uch as the maximisation of 
different ^types of non-linear value functions subject to linear 
(or non-linear) constraints. Mathematical programming is the name 
given to techniques for solving this more geilefal typ® of optimis- 
ation problem. ^ 
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14# "A simillation model often means a Monte Carlo simulation modei, 
but it may also be a determlnistic^model. To "simulate" means to 
duplicate the essence of the. system -or activity without actually 
attaining reality itself. In the broadest sense, any* applied 
.mathematics or analytic formulation of a problem is a simulation; 
however, analytical treatment is normally excluded from the mean- 
ing of the term "simulation",. 

Inost traditional use of simulation has been in the engi- 
neering sciences, where analogue, simulation devices have long been 
used for scieAific- prediction of system performance (hydraulics, 
electrical network^. Large^cale digital simulations came^'into 
use.^ the end.*of the 1950's in various types of military studies 
but have since theq ITeen applied in many different operations 
research fields. A reason' for applying simulations is to avoid 
analjrtical difficulties. G.W. Morgenthaler(l) has^iscussed some *" 
other reasons: ^ , * * f 

- Tfie task of laying out and operating a simulation of a 

^ process is a good way to systematically gather the perti- - 
xiejqt data about the process. It makes !aecessary a broad 
education in tHe process or operation being simulated, on 
the part of all who participate serioiisly in the simulation. 

- Simulation of a 'complex opei*ation may pi*ovide an indication 
of which variables are important and how they relate. 

- Simulations ^are sometimes valuable in that ihey afford 
convenient way of .breaking down a complicated system in^o 
subsystems, each of which may then be modelled by an 
analyst or team which is expert in that area. * 

- Understanding gained 'through simulation nCay enable humaA 
judgement to intuit a good solution. ' 

- Simulation gives a control over time. In fact, it is a 
way of incorporating time into an analysis of an essen-i 
tially dynamic situation. 



^2. CEK3ICE OP MODEL 



,2.1 Systems Characteristics - ^ • 

3»6. When designing a model the characteristics taken into account 
are chosen with regard to the problem area for which the model 
should be used. Prom this one could conclude^that the question is 
not so much one of chQOsing a model, but rather of specifying the . 
characteristics of the process which should be taken into ad^dunt 
and defining the relationships betWeenVavailable data* and the 
qizantities to be detei^feined. The set of relationships thus obtained 

. (1) G.W. Morgenthaler: "The Theory and Application of Simulation 
in Operations Research", Progress in Operations Research ^ 
Vol.1., ed. Russel L. Ackoff. 
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^then constitutes the model which should be used* There are, how- 
ever-f^ otuer a^jjects relevant to the choice of method or model. 
This yrlll, be discussed below* 



Sub^'Problems ' • , , " . ' 

1^#* It is usually not a matter of designing a model for one 
specif ia problem* There may be a set of present and future problems 
of •similar character for which the same model can be used. It is 
also usually 'advantageous to analyse the problem carefully and try 
to break it down into 'sub-problems, which may then be dealt witK 
separatel3{ by using different approaches. 

Application or development of a model?' 

18. A common^ approach is^ to apply existing methods or models 
rather than develop new ones. Obviously, this saves time and en- ' 
ables the use 'of personnel with less advanced methodological know- 
ledge, ^here are) however, some well-known, disadvantages. The^ 
choice of iodel may depend more on what kind of yodels the analyst 
is -familiar with than ,pn the characteristics of ihe system or pro- 
cess which should be\takeri into account. It may/^so happen that 
no existing iliodel is donveiiient €ot the problem at hand. Even if 
a new model is' developed the knowledge of the aaalyst may cause 
biased i^ results. The specialist on probability theory will tend to 
over-emphasise random elements in the process, the specialist on 
line'ar 'programming will* try to squeeze it all into a linear pro- 
gramming mod^l^ etc. 

19 • Simulation model is a general notation for a very wide cate- 
goryepf models, ^hich may pontain any type of mathematical rela- 
tionshi'ps. "flhen ^aced with a new tjrpe of problem or process it is 
thus usually ^ot a matter of looking for an existing simulation 
models to -apply, but to develop a new ohe when needed. This may be 
time-consuming but has the advantage of for'cing the analyst to 
try to fit the model to the problem and not the problem to a fixed 
model. 



Analytic or Simulation model? 

20. If 'a problem can, be formulated analytically, for instance as 
.an optimisation problem, this is usually preferable to a simulation 
model as the influence of various factors on the result is^expli- 
cit3y described. Aiialytical treatment^ is more likely to be feasible 
when the problem concerns: ^ 
* \ 

- part of the system r.ather ^^an the entire system;' 

- One objective rather than multipl'e objectives; 

- the efficiency of an existing system rather than the ^ , 
future development of a system. 




21 • Bve;a >riien,tt ia a matVer of pursuing multiple objectives it 
^may be possible ^;to forniulatQ/the problem ajaalytically if the 
preference function for ycher different objectives is knfoim J>efore-" 
hand explicitly. This'ijB^ u'sually not the case* It is 

often only when the poi^y-makers are presented with information, 
on the extent* to which 'various policy alternatives inflxxence the 
achievement of the objectives that they can specify their prefer^* 
ences. In this context simulation models may be useful for con- 
sequential analyse s^pf, the implications of varioixs policies* 

• • * ' . 

2.5' Deterministic or Stochastic Model? 

22.^ The development, of the educationa]!^ system contains certain 
stoctjastic features such as the choices of the individual pupils 
or rtudents of branch of study and. occupation or profession. The 
*' fact that these "choices" often turn out to differ between schools 
33id regions is, however, mainly due to inhomogeneity in the bom- 
pared studen1;s groups (e.g. due to different socio-economic back- 
ground) and not an expression for thfe statistical distribution 
of tjie outcome, of a random process. For forecasting purposes it 
is, therefore,, usually more important, particularly iz^ long-term 
, ; planning, to use models that tak^ this inhomogeneity into account 
thai to include stochastic "vcariations. The .flow of stvidents within 
or out from^ the educational system is \isually described by transi- 
tion\coefficients that denote the ratio of stitSents who repeat; 
dropA>ut or continue to different branches of st)idy. To delete, 
^ stochastic variiations in the sense mentit)ned above does not mean 
that these transition coefficients are assumed equal to 1, but 
that the stochastic variations of the outcome around these ratios 
are not taken into account. 



■%2*6 Treatment of. Uncertainty 
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25 • A basic feature in long-range planning is uncertainty • This 
does not mean that long-range planning cannot be carried out but 
that uncertainty has to be taken i^to account explicitly in the 
planning process. Proce<iuares for such explicit consideration of 
uncertainty are', for example, the \ise of rolling plans , aenflitiv- 
Ity analysis and contiggencY pi,A|^T.ij^fr. 

24# RfflljltfT "Plftnfl means that the plans are updated at regular time 
internals and the planning horizon extended so that the plan con- 
tinues to cover the same number of years. A four-year plan, for 
instailce, is usually rolled each year while a ten-year or fifteen- 
year plan may be rolled less often. The use of rolling jlane makes 
it possible to take new information about the system into aocoimt 
regularly. ' ^ 

25. Seqaltiv^ ty 'flTlftlYfflff means em analysis of how the result 
depends on soma parameters. Theee are vEuried within the range of 
uncertainty and. the result is calcoilated for parameter^ values 
witliin this range or for the minimum and maximum value of the 
parameter. Sensitivity analyses are sometimes carried out prior 
to the final data collection. If the result is not seneitive to 
the parameter in question, less effort is reqxxired for* the 
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^determination of this parameter. If, on the other hand, the 
'♦res\ilt is sensitive to the investigated parameter variations, 
there are two possib4jLities« Either larger effort in the para-*- ^ 
meter determination will acceptably reduce the influence of 
remaining uncertainty on the result, or the uncertainty is ^ • 
"genuine". Such genuine' uncertainty may, for instance, concern the 
future environment of the system or the choice of abjectives or 
measure SL -of effectiveness. . * , 

» • 

26. Contin/?ency planning is an approach to the; treatment of 
genuine uncertainty ♦^^ In contingency planning' the' ranking of the 
alternatives to be compared and evaluated are calculated , for 
different "contingencies" and an alternative is sought which has 

a high ranking for all relevs&it contingencies without being ^necess- 
arily optimal in any case. This may be aecomplished by some kind 
of mix of the original 'alternatives or by, the design of a new 
alternative. Generally speaking, the contingency planning approach, 
puts the emphasis on flexible and adaptable solutions, that is the 
selection of solutions which will be fairly efficient, perhaps J 
after later adaption, for a variety of actual outcomes of the un- 
certain parameters. / 

27. Some examples of genuine uncertainty in educational long-range / 
planning can be given. • - / 

' 28. The nximber of school -age children £n the country as a4whole 
and in. various regions can never be forecasted exactly because of/ ' 
migrations and, imc^ertain estimates of future birth-rates. -This 
type of uncertainty can to some extent be taken into account by 
adaptability, for instaiice by building schools which, for a 
relatively small additional cost can be ' re-a2:ranged or enlarged 
so as to fit changes in the nximber students or in the subject^ 
taught. ; 

29* Educational olijectives and priorities between them differ 
between countries but most 'Countries consider it of some impor-| 
tance that the educational sys'temfe should "produce" enough qualified 
manpower tp meet the requirements of the development of the economy. 
The development of various economic sectors and the correspondii 
educational profile aan, however, never be accurately forecasted 
because of innovations changing the production process, uncertain-, 
ties concerning the development of foreign trade, etc. Both flexi- 
bility and adaptability of the educational system are of \impor- 
tanoft to meet' the lack of accurate forecasts of future manpower/ 
requirements. liicreased adaptabilit;^ may be obtained by reducljng 
the time between the student *s choice' of more specialised general 
or vocational training and the time of entry in the labour force. 
This will create a quicker responsfe to changes in manpower • 
requirements. It may' also be important to increase the flexibility 
of the educational system by making specialist education more 
general and adequate^ for wider occupat^-onal areas. 

50. The need for dealing explicitly with uncertainty in long-range 
planning has some consequences which may influence the choice of , 
model. The use of sensitijvity analysis and rolling plans reqxiires 
the same type of calculations to be* carried out repeatedly. This' 
has to be considered when choosing between a manxial model and a 
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computer model and may actually sdmetimes be the, decisive cause ' 
for computerising a model. Sensitivity analyses can be consider- 
ably facilitated (less preparation of inputs, savings in computer 
time, etc.) if the computer programme is specially designed for ' 
variations of parameters. -This, howe^r;, requires that the para- 
meters to be varied are known before th^ programming. >!Phe obvious 
way to facilitate sensitivity analyses is, of course, to insert 
loops in the computer programme. Bow. this is ^ione may, however, 
sometimes be crucial. If part of Jbhe calculations in the programme 
are untouched by the parasneter tcf be varied, this part can -be left 
^outside the. loops and only run , through once before its results and 
the uncertainty alternatives are ;combined. . This approach is of 
specific importance in Monte Carlo simulations as they often have 
to be repeated a large i>umber of ."times for statistical reliability. 
Here considerable gains in computar, time can be obtained byin- 
seivting the parameter variations inside the ''Konte Carlo" loop. 
'(This is a variance reducing metliqd termed "correlated ampling".) 

31. Contingency planning puts .the' emphasis on flexibili<ty and 
adaptability. A smooth* developmeut of the educationbJ. system in * 
accordance with educational objectives and the gen/ral development 
of society usually requires changes in scale (enp<<li!ients , etc.) 
to be> combined with structural changes. Such complex changes can 
more easily be incorporated in a* simulation model than in an analy- 
tic model. 



2.7 Qualitative or ^^ntitative Analy aia 

32. Long-range plailning usiially %ivplves considerations Xhai can- 
Jiot be handled quantitatively. This' fact has sometimes been used 
as an argument against all uses of quantitative analysis. The 
usual ansv/er to this is that quatijfcitative analysis serves to 
translate relevant quantitative i^ormation in a form more useful 
to thtf decision-maker who therefore can integrate more easily the 
intangible factors with the quantitative part of the problem when 
he forms his decisions. It is, however, not only the final evalu- 
ation th^t invplves qualitative factors. 

P3. Educational objectives can dually not' be directly defined in 
lES^iantitative terms tho^ih ix nay\be ^asible to use quantitative 
measures pf eff eative*ness for certain planning problems, especially 
in short-term planning, ^e number of enrolments in various branches 
o;" the educational system and -the* number of gradxiates are examples 
of such quantitative measures_Of^ eff ectiveness that in some cas^s 
» •> may be relevant. As responsibiiities and decision-making power 
are divided between central and'.local levels and the students 
themselves have a considerable :^reedom pf choice, the implementa- 
\ tion of a reform may often invx&ye difficulties that have to be 

taken into account when differeitt' solutions are analysed. This 
• ^ may hav^ as a consequence that not directly quantifiable elements 
must be taken into consideratio^reven in an inquiry for which it 
has ,been possible to define a qtiaiititative measure of effectiveness. 

34. Operational educational objectives need not necessarily be 
expressed in quantitative terms^ as a minimum requirement, however, 
they should be so specified that a ranking between alternative 



-solutions is possible. Si\ch a specification nay not be feasible' 
a- priori but may result from the formulation of alternatives- and 
a feed-back of their evaluation to the setting of objectives. • 
Here iterations involving the formulation of new alternatives may 
be necessary. 

35. Th,e design of different educational alternatives to be evalua- 
te^ may involve studies 6f changes in curricula, acceptance rules, 
financial 'incentives, creation of rpw brapches, .etc. Ponsequential 
a n alyses of the future implications of the alternatives may give 
ideas- concerning the formulation of ne^ al-tematives* Educational * 
long-range planning can thus be considered an iterative feed-back 
p'i^ocess which in each iteration may require innovations and both 
qualitative and quant itati-^e considerations* An inter-disciplinary 
approach with a close 'co-operation between "qualitative" and 
"quantitative" analysts may therefore be essential. This co-opera- 
tion may be easier to establish when simulation models are used, 
aa they break down complicated situations into a feeries of simple 
interactions* The language of a simulation is closer to^our 
ordinary language and thus more* easily \inderstandable to people 
without an advanced quantitative background than the language of 
a mathematical^ analysis. 



3. SETOLATION K0D5LS IN SDUCATIGil^L ?LAiT!?ING 

36. Simul^^tion models may appropriate whenever it is a matter 
of studying the development of a system Qver time. In'education< 
this ife the case when one wants to estimate the future numbex" of 
students suid gra4uates icr various branches from knowledge about 
the stfikte of the present system and' change mechanisms. Student 
flow models have therefore in a number of countries been developed 
in the form of simulation models. (l) Both Monte Carlo and deteor- 
ministic simulation models have been developed. With some simpli- 
fying assumptions the model -may be reduced to a^al3r;tical form. 
When features such as restricted entry branches, transition co- 
efficients that cr^ange over time, etc* are taken into account, 
the outcome is -no longer directly expressable in analytic ^orm 
and it becomes necessary to use a simulation model. For a aetaiied 
description of the educational system (many different branches 
and typ^s of schools) a computer .loael should be more convenient 
than a manual model. v , 

37. Here we will use ''^S0M"(2) as a reference model for further 
discussions about educational simulation models. 

38. With the terminolQgy introduced above,, SOr/can be said to be 
a time-step deterministic computer simulation model. It simulates 



(1) Part II of "Mathematical Models in Educational Planning7» 
OECDf Paris, 1967. * * 

(2) "SOK. A Simulation Model of the iiducatio/.al System", Technical 
V Report, OBCD, CSRI-, Paris, 1970; / . ' 
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the flow of students through the educational system and makes 
conditional forecasts for-arfuture period of time of educational 
output and teacher supply as well, as educational resource require- 
ments, i.e. teacher demand, building space requirements and edu- 
catiOMl expenditures. The estimates are made for each year of a 
futuare period of time, that is .the basic time-step unit is one 
year. . ^ 

» » * 

39. SOM does not calculate futiire manpower requirements, nor does 
' it calculate the return of investments in education. As it does ^ 

estimate future educational dutflbw and educational cost, it pro- 
vides some of the data needed for comparisons between supply and 
demand of qualified manpower, as well as'' data needed for rate of 
retixm analyses. SOM is mainly a^ tool for sensitivity analysis 
and consequential analysis^. The outptit data do not directly present 
'a solution to the problem under study, but-sho\ild rather be seen 
as information* which has to be further -evaluated. 

40. The liMtations of SOM seem to be' typical for a Simulation 
model. As it does not include all quantitative aspects poten- ' 
tial importance for .educational "planning problems it does not 
substitute other types of models but shoiild be seen as a comple- 
ment. Nor does it substitute qualitative analyses but may serve » 
a^ a framework for such analyses. .On the other hand, SOM has 
certain advEujtages which*are typical for simulation models, com- 
pare the quotations above of Morgenthaler (pa^«2D). 

4. mmOYEMm^ in EDUOATTONATr PLATTWTNfi 

41. As the purpose of this paper was to evaluate the use of simu- 
lation models^ as compared to other models, in educational plan- 
ning, the presentation may have giverf a biased impression as to 
what improvements in educational planning etre the most important 
ones. Reforms of th^ planning process and the planning organisa- 
tion to enable the perf ormlince of planning l)roaily conceived may 
be of prime importance. The planning function must be fully inte- 
grated in the decision-making process. Models start becoming use- 
ful in practice only when certain minimum 'environmental require- 
ments are fulfilled. Such reqixirements concern, for example, 
information channels, coordination between responsibilities and 
decision-making and implementation power, tfvailaljility of trained 
analysts in or closely att.ached to planning units with executive 
power, etc. 



-26^- 



ERIC 



APPLICATION FIELD OF^M 

by 

Marc HUIZI^ .'^ 



ERIC 



- 27 - 

ft < 1 



1 . 

>■ . • . TABLE OF dONTENTS 

I. INTRODUCTION 51 . 

^11. SECTORAL APPLICATIONS . . ^. 51 »^ 

II. 1 Forecasting Tool 51 , 

II. 2 Programme Budgeting Tool 52 . 

II. 5 * Exploratory Tool - Sensitivity Analysis • , • . . 54 

Ili. GLOBAL APPLICATIOHS ' 55 

\ III.l Planning Tool 55 

III. 2 Strategies for the Model 55 . 

1. Explicit Strategies . ^ 56 

2. Implicit Strategies 58 

17. CONCLUSIONS ' 59 

* 

9 



ERIC 



- 29 - 

'23 



I. INTRODUCTION 

1. It is assumed in this paper that the principal features of the SOM 
Simulation Model are known to the reader. Let us merely point out that 
the model is neutral as regards educational objectives and that it is 
capable of simulating all or part of th^ educational sysfifem with a 
descrip^tive unit r^iging from one year of^ stvidy to a f\ill edueational' 
cycle. In 'addition/ we should define what is meant by an "option" model • 
This term in fact covers two quite distindt meanings/ namely: 

- Owing to its structural flexibility, SOM can be adapted to 
the problems s'tvidied and the available input data. There is 
hence a r^al choice between the conf ig\iration^ of the yarious 
input data needed for the modei. ^ . • 

- A choice between the various possible configurations for 
SOM. The diagrams on page 3 depict these various configura- 
tions. 

These diagrams are by no means exhaustive but combinations 
2-3, 2-4, 3-4 and 3-5 cover the set of alternatives. 

'2« It is' not the intention in the following sections to give all the 
possible applications of th$ model, since there is', in* fact, a specific ', 
application for each-problem. We have, therefore, confined ourselves 
to the field of potential applications without illustrating the report 
with real examples. Moreover, the variables defining the SOM structure 
are known to be mostly exogenous, and calculation of their values and 
future development raises serious* theoretic^ and methodological pro- 
blems (and sometimes policy problems) which must be solved*^ before em- 
barking on any one of 'the applications mentioned belov* 



3. The following sections divide the field of applicai^ji of SOM into 
two: first, the "sectoral" applications, which analyse ^1 or' part of 
the educational system in- order to reply to specific questions and 
second, the "global" applications which are directly incorporated in 
the planning procesa* 




II. "SECTORAL APt^LICAjMEQNS * |"- 

*• *^ 
II. 1 Forecasting To(|l , ^ 

4. T)Je set of submodels that make up SOM can easily be considered 
^as a^orecasting tool. Its use can be -confined to the Student' 
*Plo\^lBubmodel alone if we wish to forecast future student cohorts. 

Thes^ fcfre.casts can only be made^ on the basis of a well-defined 
' body of assumptions. 
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5. These assumptions refleet the/ development" of the p^ameters 
of the. model for the whole simjilatipn period. She development 
of the transition coefficients, drop-out rates and gralTuatioii 
rates can be constructed either from observed past serie's or by 
det^nnining two limiting curves/ between which lies the true, * 
unknown development of the parameter. The first approVch leads 
to spot forecasts and the qecond tp confidence intervals fof* 
future student stocks, since the initial assumptions ar^^too 
restricting- to Justify accep'tance of a series of value#'for 
stocks ignoring the relevant /degree of imcertainty. - 

6. The same remarks also agply if we wish .to ascertain ^he re- 
sources requirements and th^'numlier of avaiSi^bl'e teachei»s for 
the siinul^ion period. ^- ^ ' . . 

7. There are also parameters' siich^aa the number .of plao^ avail- 
able fpr each year *in« a restrict ^ u |lit, which depend on the 
inertia of the system and the poil^pal decision, to widen or- 
narrow the restriction. In ignoraiipe .of future policy, two kinds 
of approach may be adopted; . /*' u -4/ * 

- One takes an "ajgriori" 'position, jLhtroducing^two 
limiting sequences for the number of available 'places 
in each restricted unit, %n order to get an^jxp^er and^ 
lower limit for the true Jfolicy. ' 

- " a posteriori " position, >;first constructing -a reference 
solution in which restricted units are elimiziated; 
future policy 'is then envisaged in the knowieSge of 
the sequence of the number of places desired ^^^ot" each 
restricted unit. - 

8. For completeness, .we must also mention the possibility of 
constructing "what-if" type forecas.ts. Eor instance, >jrtiat will . . 
be the development of the educational system if a parMcular 
structural change is undertaken. (l) 



■ Programme Budgeting Tool 

9T"Dne of the advantages of the Resources Submodel is 1?hat it 
can group costs by programme. A programme may consist of a vast 
aggregate such a*s, secondary education, or a more specifically- 
defined institution such as schools for handicapped children. A 
programme for the. model i'S a block of units. Bac^ programme Ms 
defined by its maintenance and capital costs, the lairber related 
to the base year- of the simulation period. (2) ? . 



(1) . ♦^SOM Application Study - The. Case of Prance", 'CERl/EG/r)M/70.06. 

(2) **SOM - A Simulation Model of* the Educational System", CERl/OECD 
Technical Report, Paris 1970, pp.55, 54. * _:v 
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10. More detailed knowledge of these budgets can be obtained by 
analysing the various expenditures for each of the unite forming ' / 
the programme. This possibility is of unquestionable interest \ 
when attempting td analyse how pairt of the system responds to • 
experimental conditions, such as a reduction, in class size, 
installation of audio-visual aids, etc* This*type of analysis- 
implies two working stages: 

(i) oonstructipn of a reference alternative; 

* , (ii) Construction of a second alternative in which the 

new equipment or- environmental standairds are applied, 
, showing the prograimne's impact on costs; 

'(iii) or, construction of a second alternative which takes 

'account, by means^ of an analysis external to the model, 
of changes in student behaviour (transition coefficients, 
etc.), corresponding, to these programmes and. the modi- 
fications introduced in (ii) above. 

* ' • . ^ ' ^ 

11. Th^se methods of analysis do not eliminate one of the main 
weaknesses of ^hy simulation models namely, the lack of any 
explicit feedback mechanism. Tr^fsition coefficients in our _ , . 
problem depend on sociaST^ educational and^ economic variables. 
However, if these relationships havf beefi known and taken into 
account explicitly in th6 model, it would have been constrained 

to a certain, rigidity, and we think that it is more ' flexible tp 

provide' feedback mechamisms through a sdciometMc, analysis 

external to the model. • 

12. The variation of the budget compared to the reference alter- 
native 'will show the real cost of implementing a neW method of , " * 
education. It is aJ^so possible to analyse the relative weight 

of this budget compared to programmes correspondiiig to a set o^ 
comparable educational units. 

JLI.3 Exploratory Tool - 3e?nsitivity*Ahaly^is . 

13. Sensitivity analysis is the proced\ire whereby variation in^ 
the outputs of the system can be m^astired when one of its pal^- 

'■ meters is^caused to vary. For instance, for the flow submodel, 
the amplitude of the response' will have to be observed! over tne ' 
whole of the periods following the excui^sion in the chosen para- 
* met^r and compared against a referignce alternative. The outputs 
jfjhbse value has^ changed will represent the sensitivity f i^ld for 
. ^''' tjals param^t.er.' 

14. I^;^ is then natixral to rank the parameters with the same • 
sensi"5ivity field, and those which' provoke the highest response 

' for a given ^^az^iation are called "critical"^ To the extent that * 
these parame^tejs can be explained by means oS. variables* accessi- 
ble to depision-making. the sep&ration ^of the critical para- 
meters will engible spe®?ic changes to be introduced into the 
development of the education^ system. 
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15. The same ja^proach Ijb implicitly used by the Teacher Supply 
model, ^gxere the parameters defining the inflow of new teachers 

^ may vary within certaijj limits* The model oalojilates the varia- 
" tioijis in the stock of ayailable teachers as a result of separate 
' or simultaneous variatiozis in tHe parameters, (l) The computer 
programme thus seeks to scan the possible variations in the num- 
ber of ava il able teachers .according to the values of the •'decision'* 
parfUDtteters (rate of ^8uc6ess") and .the values of parameters 
involving ^ cei^tain degree of uncertainty (rate of "choice"). 

III. OIPBgi APPLICATI0H3 , 

iii.i r?'vnn1nr '^H ' 

16. Much more generally, one can demonstrate how the model can 
be used in the planning process. The following diagram locates^ 
the model at the level .of "Bvalraation of different strategies". 

' ^ Figure 2 _ * - 
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17. The'above diagram situates the use of a model at stage 3, 

, but feedbacks to stages 1 and 2 are needed if the .evaluation of 
the different strategies is to be a true pre-d|Bcision stage. It 
is then clear that use of SOM in the planning pi^ocess is no 
Iqpger ,a inatter merely for technicians, but sh6\aid include a 
number of - iterations between technicians and policy-makers. 

Hi. 2 strategies for the Mode], 

18. A strategy consists of the sequence of application of a set 
of decisions in order to achieve predeterm^tied obiectives. We 
must, "lEheref ore, study how the structure of^SOM can be used to 

(1) Op>oit > p. 5., p. 76. 
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slmiilate a strategy and in particular, what strategies are pos- 
sible. The strategies which will be discussed below are ones which 
can be simulated by the model* The requisite methodology for any* 
strategy can^ already be, described. 

19;. Firstly, the educational system is, simulated for the horizon 
selected on constant structure assumptione and/or transitions at 
the same rate displayed by past trends, thus building a reference 
alternative. 'It Should be noted in the first place that SOH 
contains a number of "implicit" strategies, e.g. alternatives 
for the ;iumber of available teachers in the "Supply" submodel 
and short-term balancing strat.egieg, used by the Teacher. Compari- 
son submodel. Ve shall start with a description of the "explicit", 
exogenous strategies of SOM. y 

1. Explicit Strategies 

20, There are practical advantages in defining a strategy as a 
combination of "pure" strategies of known definition. (l; For the 
sake of clarity, we can separate pure strategies into two groups - 
quantitative and qualitative strategies - though we are well 
aws^re that this distinction is some?times fictitious. 

' (a) Qugfititative strategies 

7 ' 

21. These are known as quantitative because they result in a 
modification of) the number or distribution of students, teachers, 
or other resources in the educational system. ^ 



1.' 



2. 




Action on a transition coefficient assimilated to a 
decisio^ ^vsiriable . 

This t3rp^ of strategy equates' in reality to a. sensi- 
tivity analysis for the model giving the relative 
weight of p. particxilar transition coefficient on the 
development of stocks during the simulation period. 

Action on the sequence of available places in a 
restricted entry unit. 

The respo'nse of the system to this tjrpe of action 
indicates the period when the restricted unit will 
cease to exist and the change in the distribution of 
students between the various branches below the 
restricted vmit. 

Change in the socio-economic distribution of students* 

within a branch Or a grade (unit). 

"» 

The model can easily simulate the implications of this 
type of strategy which may, for instance, correspond 
to th6 objective of democrat isat ion through "Eqxialisation 
of Educational Opportunities". Were such a strategy to. 
be implemented, it would result in a variation^ of the 
transition coefficients by socio-economic group dnd would 



(1) In the Games Theory sense. 
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^presuppose the implementation of a policy of scholarships 
or grants, a change in staffing standards and a complete 
overhaul of the curricxxla (for instance, individualised 

• "study programmes) » 

4» Changing the number of available teachers by acting on 
- . the retirement age^ 

This strategy could easily be applied if it is a question 
of reducing retirement age; the reverse strategy would 
bertainly raise more problems* 

22.. We must stress that these pure strategies are, in fact, 
assxJmption tests corre.sponding to the likely response of the 
Structure of the educational system when the strategy is applied. 

(b) Qualitative strategies ' 

23. These "qualitative" strategies laainly affect what are con- 
ventionally called staffing standards and educational content, 
these terms being limited to their measiirable component, 
♦ ' 
« 1. Change in c\irricula {duration and content) in a, given 

unit; When confined to the model, this strategy is assumed 
to have no effect on drop-out rates or transition coeffi- 
cients for the r^evant uijit; as this is not the case for 
a real strategy, this strategy must be combined with an 
(a) type strategy. Its outcome is measured by the varia- > 
tion in the .current expencLitures for the unit, represent- 
ing the cost of implementation. 

2. Change in class-size. The number of st\xdents in a class-* 
roo^ ^is an input of 'the Resource Sulxnodel and governs the 
stizdent/teacher ratio. The consequences will be reflected 
in the number of teachers needed and capital expenditure^ 

* * 'the scope of which will be measured by Q,omparison with a 
reference alternative. VPhe model contains the implic.it 
assump"ftibi;i that this change in the student/teacher ratio 

* has nojaffect on the -.output of the educational system, 

, since transition coefficients and drop-out rates -for the 
units considered are completely exogenous parameters. 

3. Change in the required teaching qualifications. This 
strategy may correspond either to a shortage of teachers 
«ith certain qualification^, or to a desire to improve 
the quality of teaching by raising the level of qualifi- 

' cations required. It should ;aevertheless be noted that 
the reverse strategy is more common; pressure of demand 
/ generally lead^ to the recruitment of teachers who are 
under-qualified by current standards. In any, case, the 
outcome is a new distribution of the teachers needed in 
acco;rdance with the various qualifications. The results 
co\ild be tested by analysing to what degree they fit the 
number of available teachers for each qualification. 



2. Implicit Strategies 

24^ For completeness, let us recall that the Teacher Supply and 
Teacher Comparison submodels include, implicit strategies. 

1. Chatoge in the inflow of new tearalers coming from the 
educational system. This strategy can be applied by 
using two different policies: 

(a) Changing the passing rules for teaching diplomas. 
This policy is fairly easy to siisulate, since it 
can be applied without inertia by acting. pn the 
rate of "aacceas" parameters. (l) 

(b) Changing teachers' salaries. This type of strategy 
can be constructed, but it requires preliminary 
studies to describe the functional relationship 
between the marginal variation in ealaries and the 
variation in the rate of "choice" paxameter. (l) 
Furthermore, this tj^e of policy has a response 
time which must be evaluated before the strategy 
can "be simulated. 

2. Short-term balancing strategies between the "demand" for 
teachers and the "supply" of teachers. This strategy in 
fact simulates the probable response of the educational 
system to a state of imbalance between teacher supply 
and demand. Two possible approaches are prograinmed: 

„ (a) ' .The' "Idem^md" approach 

^ • Assuming that the available teacher stock remains 
constant ,^ this consists of changing' the school 
parameters (or standards) to adjust demand to supply. 
The comparison submodel uses two "decision" variables; 
class-size and the weekly teaching load. Naturally, 
the variation of each variable is bo\inded. 

(b) The "^supply" approach ^ 

This equates to using the ' alternatives in the number 
.odT available teachers generated by the supply sub- 
model. The rate of "success" parameter is considered 
accessible to policy decisions (see above). Also, . 
the rate of choice parameter is assumed to vai^ 
between two limits expressing, the uncertainty of the 
evaliia^tion. The strategies for each teacher category 
are called respectively the "more gradtiates strategy" 
and Irne "less graduates strategy". 



(1) The rate of "choice" is the ►proportion of gradtiates in a 
given category who choose teaching. 

. The rate of "success" translates the proportion of gradtiates 
fi?om a given unit belonging to a given category. 

( . 
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17. CONCLUSIONS 

25» The foregoiug is an attempt to describe the potential 
applications of SOM^ It should, however, be stated that the 
builders of i;he model are fully aware of the limitations inher- 
ent in simulation techniques, namel^ the absence of optimisation 
procedure, and in particular, the lack of feedbacks, (l) Neverthe- 
less, they are convinced that thanks to its flexibility of \ise, 
SOM is a necessary step towards the elaboration of a more rational, 
decision-making process. 



-7 
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(1) See Control Theory ("SOM. and Control Theory"), by Paul Alper, 
Reference CiRI/£G/DM/70.02. 
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A^S.O.M, APPLICATION STUBY; DEYBLOPMBNT OF 
SBCOHDARY STUDENT STOCKS BY SOCIAL ORIGIN ^ 
THE CASE OF FRANCS HIOH 1966/^7 TO 1975/75" 



!• DESCRIPTION 0? THE STUDY 

The purpose 'of. the study is to elucidate the functioning of the 
educational system allowing for the social origin variable which almost 
never feat^L^e3 in official statistics but which has been shown by many 
surv&ys or studies to be an important factor governing the progress of 
students through the system and their chances of access to higher 
education, ^ ' - 

OnCe the necessary data base has be^n built, the SOK(l) calculates 
the development of secondary education up to 1975/76 • 

For each year of the simulation period, the "Flow" and "Direct 
Resources" sutaodels give stocks by social origin, teacher requirements 
(regardless of category), staff costs, other current expenditure and 
investment requirements. These forecasts are available for all units ' 
(or classes) in secondary education, 

• 

Use of the simulation o{)tion model (SOM) has been deliberately 
confined to two of its submodels. Higher education is not described in 
the present study, and the use of the "Teacher Supply" and "Teacher 
Comparison** submodels(2) is not appropriate. 

After concise, comments on the de'velopnent of the student stocks 
and resource requirements in secondary education, the study will en- ' 
deavour to measiire the developaent of the level of participation of 
each social group aiid to assess the share of resources available to 



(1) SOK = Sijnulation Option Model, which is comprehensively described 
' in OBCD-CERI 1970« publication "SOK - A Simulation Model oi the 

Ed\zcational System^" , 

(2) These two submodels respectively describe: 

- the variation *Ln the number of available teachers in each period, 
by training or professional grade; 

- structural imbalances between teacher supply demand in each 
category', with analysis in each period of simple balancing 
"policies". 
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* them. It .should be noted that** the distribution of resources among the / 
various groups must be calculated for secondary education as .a whole 
(or for 'well-defined parts), since the distribution of expenditure per ^ 
group is proportionate to the participation level in each unit. This 
initial study will serve as a reference for an alternative development 
of the secondary systen vhich will take account of the structujral 
changes that are to oc::ur during the simulation period. The Vth Plan 
provides for the phasing-out of th^e primary terminal, classes and the 
three-year short vocational course (in 1972/75 and 1974/75 respectively), 
thus creating a common core for all students up to the "je" (fourth 
year of secondary studies). 



These two alternatives will subsequently be designated as foLlows: 

Alternative A - , correspording to a structure that remains constant 
over time and assuming constant transition * * 
coefficients; 

Alternative 3 - corresponding to the ipplene'ntation of the reform 
mentioned above ..The assiamptions concerning the 
variation of the trsmsition coefficients for the 
classes to be phased out are given in Part II. 

It seems interesting to measure the variations in stocks f^rtrj 
resources^ provoked by the implementation of these structural changes. 
Moreover,' the influence of such changes on equality of opportunity in 
the socio-economic groups should be measured. One can try to ascertain 
whether there has been any improvement in the situation described in 
the reference alternative. The first point is therefore to define a 
yardstick for equality of opportiinity, Without going into lengthy 
discussion to define what is meant by the concept of "equality of 
opportunity", let us simply say that a system is all the more "egali- 
tsurian" the more closely it approximates to the struclmre of the active 
population at all levels (that'is to say, a system with small differ- 
ences between the levels of participation of the socio-economic groups 
is mor^ egalitarian than one with larger differences). For this' purpose , 
the only data available are the levels of participation by social group 
for all secondary education classes, and- the structure of the active 
population. A. general coef/icient can fee formulated from the sum of the 
sqxiares of the ievia'tions from the structure of the active population, 
which we propose to term the*, "disparity"' coefficient . 



( 



J.5 '3 
i=l 3=1 



2 



where: Pj(i) = level of participation of groifp j :n imit i, and 
Bij = prbportion of active population in group j. ' 

This coefficient should be considerSd as an approximation (tliroiagh 
lack of information) of a more representative coefficient that* could 
be expressed asi|follows: 



46 



3G 



Pj (i) = proportion of students of age a in' unit i 



belonging to sociatl group 3 



= proportion of population of 'age a belonging 
^ ^ to social group j 



/ 



A completely "egalitarian" system W9uld result in B = 0, ^o*the 
best system, in terms of our definition, az a given moment is the one 
v±th the lowest value of B. Naturally, much'^aution must be exercise'd 
in interpreting this measure, which reflects only relative differences 
in participation. For example, a system in which only 10 per cent of 
children were attending schopl and where E = 0 would be considered more 
egalitarian than* a system covering 90 per cent of children but where 
E>0/ ' ' * ' 

The participation levels of the various social groups can be txsed 
to measure how resources are distributed among these -groups. Assuming 
that the distribution is proportional to the level of participation of 
each group in each unit, we then have the following expressions for 
stsiff cost^s and other current expendit\ires: 



^Pj(i) vU) 

S w(i) 
i 



where w(i) = Staff costs for unit i 

Ep,(i) C(i) 
i ^ 



E C(i) 
i 



where C(i) ^ Other ctii^rent costs for unit i. 



These coefficients are formulated for each year# A distribution 
coefficient for total current costs could be defined In the same way, 
but it wou^d closely approximate to aj since w(i) > C(i.) for all units. 
By comparing these coefficients with the overall level *of participation 
for the system as a whole, we can see, for instance, whether the least 
favoured social group is not subjected* to additional segregation in 
respect of its resource utilisation. 
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As regards investment, the development will reflect the efforts 
needed to ceirry out the structural reform. v ' 

II* DESCRIPTION 0? INPUT DATA 

The simulated part .of the educational system consists of the last 
years of primary education, namely CM2 (2nd year intermediate course) 
and "Pin d|Etudes" (terminal primary), short vocational education given 
by the "CET's" (Colleges of Technical Education) in two-year or three- 
year courses, and secondary education proper, at the "CES's" ^Colleges ^ 
of Secondary Education), "CEG's" (Colleges of ffenejal Education) and 
lycees (see graph 2.1). 

The study by A. Girard and H. Bastide (l) has enabled us to break 
down th6 school population into three maj6r groups displaying relatively 
c6herent behaviour, i.e. the progression of the socio-occupational 
categories belonging to a given social group is at much the same rate 
(see following table). * v 

' r 



(1) A.Girard^and H. Bastide: "Orientation et selection scolaires. 
Cinq annees d^une promotion de la fin du cycle elementaire a 
1* entree du second cycle elementaire du 2eme*degre". (School 
Guidance and Selection. Tive years of transition from 'the end 
of the primary cvcle to the beginning of the second cycle of 
the second level). Population > 1969, No's 1 and 2. 
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II. 1 Flow Submodel 




New enroljnents 

Each year, the simulated educational system receives .new 
pupils entering the CM2 classes from the primary education^ The 
calculation of these new entrants calls for a number of data on" 
which assumptions have been made. 

The population forecasts^ which give the nund^ers of childf^n 
of CM2 entry age (age from 9 to 13 (iT), must beyronverted into^,^^ 
CM2 j.nflow by applying the participation coefficients for each ' 
age group. These coefficients have been calculated from the CM2 
age distributioji observed in 1967-1968 (2), whicb is assumed to* 
be constant throughout the period studied, In^ the breakdown by 
social origin, it is assumed that the structure is the same as 
that of the active population, thus depicting a non-discriminatory 
primary education. ^ > 

Base year stocks * 5 ' 

The stocks for each unit were obtained from the statistics * , 
foi* 1>he 1966-67 school year. The pupils were broken doym -by social 
origin, assuming the same distribution as that observed in^ the 
Girard-Bastide study; this is a vexy high assiunption, since a 
normal class stock .comprises several cohorts who^e^, soci^il origins 
can differ quite appreciably from the observations uged (see 
^(^ble 2. II). . * ' ' ' ' * i 

TjpatffSition matrix . . - ^ ^ ' ' 

» s In order to describe the student flow in eaclx period ^ one., 
must know the matrix of the transition coefficients fdf^ the 
various units of the system. ^Pirst, we shall describe the ideal 
input data for correct evaluation. The stocks data should be 
supplemented by the following two dependent variables: 

(a) school origiia; - ^ 

(b) social origin; these three-dimension tabies must cover 
several years to determine the probable transition 
coefficient pattern over the simulation peridd. 

*> 

If the study is confined to testing assumptions about the 
structure observed for the base year, the statistics needed relate 
only to the base year and the following one. Existing statistics, 
, however, fall well short of such dese^ipfive precisl^on: though 
data on stock are sound, dat^ on the scholastic and social origins 
of the pupils are available only for certain classes and are 
invariably produced independently. * v 

(l) Source: INSEE working paper f^om the "Population and Families" 



department (not published). 

Education statistics 4-2 (6' 
Breakdowii of pre-primary.-anJ primary pup5 
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{2) Education statistics 4-2 (67/68). „ *\ , ' ' ' r, > 



We have had to refer to the Glrard-Bastide .study which . • 
followed a representative sample of CM2 pupils for' five years, ^ 
starting in 1962 (!)• Prom this .cohort study, the transition,^ 
coefficients for ^the different *sooJ.o-eeonomic groups can be ' 
calculated, but tliese values are not the caies 'desired, since * 
they represent the* transition coefficients of ^students who have^ 
never repeated ."^reover, the calculatbd values are &ll.the more 
biased when the original stock is* sjDal4. (which is the case for 
tlie final years covered by the studj^ -*'"3e" and 2e"). Consequently, 
the coefficients calculated do not form the transition matrix 
BOugW, but only enable us to Evaluate the relative differences 
in tllfe progress of the socio-economic groups studied. • ^ 

By usi'ilg the 1967 and 1968 (2) statistics whenever inform- 
ation on the* scholastic origin of the pupila.'was available (3), 
it was possible 'to calciilate overall transition coefficients and 
then break ,them down into transition coefficients by socio- 
occupational ^oup by using the relative progression differences 
for each group. ^ ' - ^ 

Where there* was no information available on the scholastic 
origin of the pupils, the transition coefficients estimated from 
the cohort study were adjusted (maintaining tEe sake pattern of 
relative progression) to generate the stocks observed in 19&8 
from those of 1967 # - , ' 

In the absence of information (description of the two types 
of GET and terminal classes of the secondary second cycle, we 
assumed the same rate of progress for each o^ ^the thi*ee groups. . 

The 'following is the value of' the transition matrix for the 
two alternatives^ ' . ' 

Alternative A ; The transition matrix remains constant throughout 
the simulation^ period. See^Table 2. III. 

Alternative B ; The 'value' of the transition Matrix varies with 
time* There is a linear variation, within" the time intervals ^ 
set by the Vth Plan^ in.^the transition coefficients for the 
classes which *are to be eliminated ^( GET three-year course and 
primary .terminal classes). See Talile 2. IV. 



(1) Op.cit., p, 50 , - ^ 

(2) Informations statist iques du Mnistere de 1 'Education 
Natioijal§ - No^s-101, 107. * ^ 

(3) Origine scolaire des eleves de I'enseignement public du 
second degre, 1967-1968. (Scholastic origin of pupils in > 
second-level public education)* 

No'te, d 'information No. 11, Ministere de 1* Education Nationale. 



II. 2 Direct Resource Submodel , ' 

Input .data, evaluated fr'om various sources and under the 
following assumptions, were needed -for^ the calculation of resource 
requirements*. Let us first of all recall that the submodel calcu- 
lates staff costs, other current costs and investment requirements 
for each year. * * 

It has been assumed in this study that expenditures for each 
unit were strictly proportional to ..the number of students in the 
unit. This assiimption is rel^atively soimd 'for curreia* staff costs, 
but is less so for' other, current costs such as maintenance copts, 
which are more direqtly linked to the size of capital stock (space 
and equipment). 

The investment calculation is based on the assumption that 
capital stodk relates to requirements for the base year. As cal- 
culation of resource requirements is proportional to the stocks, 
calculated investment by 'nlfak of units I representing a cycle of 
education) will th^ref6re ^Bfctrictly proportional to the increase 
in students* stocjc for thii oLock, and where these are decreasing, 
investment will be assumed to l^e zero. • ♦ . 

The required input data^was built in two stages. 

"The various statistical sources generated the costs :per 
studerrb for the staff, maintenance and building cost bedding^. 
These costs p^r student were then converted into input data for. 
the model uSing parameters, the majoMty of which were set in the 
absence ot relevant information. 



Costs per Student reflecting steiff expenditures were convertecC 
into avarage salary per teacher, thereby implying all expenditure 
engendered by the teaching function alone, and defining only one 
type of teache.r for each education cycle. Buildiiig "co'sts per- 
student were converted into costs per square meter using. the * 
follOTiCing identity, for the base year: 



dAP' 



where c. 



cost per square meter for block of units i 



C. = cost per student for .block i 



n^ => number of base year studenta 
s^ = base year floor area used 

0 



ERLC 



- 52 - 



The value of s was estimated by assuming an arbitrJary 
average classroom floor area of 50m2, See Tables 2.Y and 2.VI. ' 

II.3 Quality of Input Data 

Unfortunately, it is impossible to qviantify the error intro- « 
duced by usiilg .the simplifying assumptions described in section II, 

. Moreover, the linearity a:dopted is no disadvantage wheA pom- 
paring two variants such as alternatives A and B, feince the pro- 
blem is relativised and the aim is to measure the magnitude of 
disturbance in relation to a stable reference system (constancy' 
assumption) • , ^ ^ . ^ - . • _ 

Furthermore, we shall see that the chapter on interpretation ► 
of the results quickly disposes of the forecasting possibility of 
the model (in 'its conventional meani4ig of a single estimate) and 
concentrates on the comp^n^ison of the two alternatives. 
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2 #11 Student stocks by social origin 
Base year; 1966/1967 



Unit 


*J vyUULj JLClOO 


Social origin 




1 


2 


3 


1 


CM2 


555,644 


247,572 


119,994 


925,050 


2 ■ 


Ejtfmary terminal 1 


176,862 


47,706 


8,145 


262,715 . 


3 


yl" 2 


226,816 


71,582 


10,815 


509,015 


4 


GET 1 

• 


147,569 


54,679 


1,220 


205,268- 


3 


GET 2 


114,651 


42,559 


949 


158,159 


6 


GET 5 


102,957 


58,201 


852 


142,010 


7 


6e Lycee, GES, 
" flrif^ GEG 


257,629 


201,162 


129,405 


588V194 


8- 


5e " 


258,599 


176,800 


121,986 


557,585 


9 


4e " - 


195,485 


-144,451 


105,569 


441,747 


10 


5e 


165,564 


125,545 


94,768 


, 585,675. 


11 


2e Lycee 


122,408 


91,074 


79,560 


292,842 


12 


^ le " 


99,162 


76,072 


67,809 


245,045- 


15 




89,457 


70,455 


66,585. 


226,475 


14 


GET < short) 1 - 


51,881 


9,185 


5,525 


44,589 


15 


GET 2 


21,077 


- 6,075 


2,529 

1 ' 


29,479 



Source: Informations Statistiques No #101 

No. 104 
No. 107 



March 1968 

(Public primary education) 
(Private education) 

June 1^68* 

(Technical education) 

November 1968 
(Public Second Level 
education) 
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a. 



CM2 



6e 



5e - 



4e 



2.iy. Changes in transition coefficients for 
Altemattve B 



Phasing-out of primary terminal classes 
p^{l,2) = 0. p-l(1,7 

Pl(7,7 



P2(l»2r= 
P3(l,2) = 



..P2(7,2) 
P3(7,2) 
Pl(8,3) 
P2(8.3) 
P3(8,3) 
Pl(9,4) 
P2(9,4) 
P3(9,4) 



0. 
O. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 



P2(7,7 
P3(7,7 
Pl(8,4 
P2(8»4 
P3{8,4 
Pi (9. 9 
P2(9,9 
P3(9,9 



.76a\ 
.960 ■ 

.171 Pi(7,8) = .807 
.17"^ P2(7,8) = .811 
.177i P3(7,8) = .852 
0. t . p^(8,8) ^ .162 
0. ;\ P2(8,8) = .194 
0. I P3(8,8) = .128 
.186f P3^(9,10)= .759 
.184? P2(9,3D)= .796 
.148 ^:;'. p^(9,lD)-P .848 



Pl(8,9) = -.784 
P2(8,9) = .796 
P3(8,9) = .866 



The above vailues correspond to 'zero transition coefficients for 
the primary terminal classes in 1969/70. 



The model calculates the value^^for the intermediate years by 
linear interpolation. ' 

2. Phasing-out of the first two years of CET (long course ) 

The third year is assimilated ,to the first year of the two-year 



CPT programme. 



Lents 



/ 



- the transition coef ficifnts^rom primary terminal classes (PE) 
are phased out in 1971/72. ■ " i 



PB 1 



PB 2 



Pl(2,4) 


= 0. 

* 


/.Pl(2,7) 


= .107 


P2(2,4) 


= 0. 


; P2(2,7) 


= .066 


P3(2,4) 


= 0. 


P3(2,7) 


= .096 


Pl(3,4) 


= o« 


Pl(3,8) 


= .524 


P2(5.#) 


= 0. 


P2(3,8) 


= .566 


P3(3,4) 


= 0. 


P3(3,8) 


= .727 

1 
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^ 2>IV (continued) ' 

- the third year of the GET three-year cotirse is aseimilated to 
the first year of the GET two-year course in 1972/73. 





Pl(6,6) 


= 0. 


p^(6,14) = 


.085 


CBT. 3 1 


P2(6»6) 


= 0. 


P2(6,14) = 


.085 




P3<6,6) 


= 0. 


P5(6,14) i 


.085 



p.(l,m) denotes the transition coefficient from unit 1 to unit m for 

group 



« 

2.V Costs per student - (French francs ) 



Type 

Education 


Staff 


c 

Maintenance 


Building 


Primary 
(CM2, FE) 


853 


(3) 


56 


(3) 


3,644 


SecondEiry 
First cycle 


1,422 


(2) 


89 


(2) 


9,310 


Secondary 
Second cycle 


2,448 


(2) 


128 


(2) 


17,858 


Vocational 
Short (GET) 


1,834 


(2) 


355 


(2) 


18,504 



(1) Source : 5th Plan, Estijnate in 1968 Francs. 

(2) Source; document 3495, (Ministere de I'Education Nationale^ 

Service Etudes et Conjoncture). 

(3) Source ; Bxidget Fonctionnel de 1» Education Nationale 

Statistiques Financieres. 

Hote ; The heading 'Building' cover's building costs, purchase of land, 
.and the necessaiy equipment • 
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2.VI* Input Data for Re'sources Submodel 





KBLOCK 


NOACT 

A1 WAV X 

KSPACB 


CLSZ 




VHT 


AA 
m2 


SAL 
P 


COSTPS 
P 


CAPP 
P 


1 CH2 

2 PS^ 
3 


1 
1 
1 


1 
1 
1 


35 
-35 
35 


22 
22 

22 , 

* 


22 
22 
22 


50 

50 
50 


29,853 
29,853 


S6 
56 
56 


2,458 
2,458 


4 GET 
6 CET^ 


3 
3 
3 


4 
4 
4 


30 
30 
30 


29 
29 
29 


22 
22 
22 


50 
50 
50 


41,740 
41,740 
41,740 


355 
355 
355 


11,0§0 
11,080 
11,080 


7 6e 

8 5e 

9 4e 

10 ye 

11 2e 

12 lere 

13 T 


2 
2 
2 
2 
2 
2 
2 


2 
2 

2. 
2 

. 3 
3 . 
3 


30 
30 
30 

30 
30 
30 
30 


22.5 
?2.5- 

25 

25 

27 
27.5 
27'. 5 


18 
18 
18 
18 
18 
18 
18 


50 
50 
50 
5C 
50 
50 
50 


28,240 
28,240 
28,240 
28 , 240 
61,148 
61,148 
61,148 


89 
89 

89 , 

89 
128 
128 
128 


5,575 
5,575 
5,575 ' 
5, '57 5 
10,693 
10,693 
10,695 


14 CET^* 

15 CET2* 


3 
3 


4 
4 


■ 30 
30 


29 
29 


22 
22 


50 • 
50 


41,740 
41,740 


355 
355 


11,080 
ll,b80 



RBIOCK - Code number of block of units ^baring the capital costs. 

NOACT - 'Activity* code nximber (one activity per unit)* 

NSPAC5 - Code niimber of tjrpe of space required. 

CLSZ - Class size (number of students per class). 

VHC - Weekly hours of instruction. 

VU - rfeekly hoxirs of classroom utilisation. 

'ifHT - Weekly teaching obligations (hours) 

AA - C3-assroom area. 

SAL - AnnualHeacher salary- (francs) . 

COSTPS - Maintenance costs per student (francs). 

CAPP - Building costs per m (francs). 
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III. BBSUIffS 

first, here is a reminder of what each social gro^p contains: 



( Agricxiltural vage-^gtmers 

( Self-employed farmers 

( Industrial workers 

( Ho occupation 

( Craftsmen 

( Shopkeepers and clerical vorkers 

( Middle-level executives 

( Professional workers 

. ( Higher executives 



Group 1 - 

Group 2 * 

Group 3 
Also: 

Alternative A : Dftvelopment of the simulatevd educational system; 



Alternative B: 



structure remains constant over "fime. 

Development of the system allowing for imple- 
mentation of structu3:al reform^ i»e*. phasing-out- 
of terminal prfjnary i&ducation and short vocational 
training three-year course. 



III.l Student Stocks . * 

It can be seen in the reference alternative that stocks .are 
increasing 'slightly in irhe CH2 and terminal priinaiy classes ^e 
declining slightly in the three-year short voca-^ional training -v 
N (C2T). On the other hand, the long secoiviary course seems *"tb 

reflect the first effects of wider* Opportxinities of accBss to, - * ^ 
this type of educajtion, as measured by the transition matrix to&sed 
on the 1966/1967 and "1967/1968 observations; the 1st cycle- stock 
^ increases at an average rata of 2.6 per cent each year, while the . 
. 2nd cycle stock increases at 4.9 per cent - i.e. almost twice ^.that 
rate* (coxxre spending to apprecialj;Ly the same gradient/.' / 

Turning now to the development^, of stocks by social origin, 
we ol:)serve that group 3 remains^at about the same level', 'whereat 
groups l^and 2 Increase at em average y^T^n^f^l rate of 2.7 and 2.0 
^ • per cent respectively: hence there is an overall narrowing of 
representation disparities. 

• * * 

\ The explanation of the stability of the group^ 3 stock is \ 
that this group is characterijsed^ by a high transition/^petition: 
ratio, which gives it a more rapid rate of progr^^s ;fcjian^.the. 
other gi'oups. !I^is leads to a shorter\respon^e time, (maxiimim stock 
in 1971/1^72) in relation to the CM2 inflow rate (appreciably 
constant over ^he ^er^od \stxidied) ; moreover, the, higher repetition 
rates for groups 1 afir2 imply longer* response^ times, an4 h^nce 
slower growth for -3.972/197^ and 1974/1975 respectively. 

'JJfeSte observation ^enables us to ^Interpret more accurately 
the ij^rrowing of the repreiwantatlon disp^uriti'ee during dbhe 
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sinnilation period; "this phenomenon reflects a temporary situation 
due to the, variation in group response times, and we can reason- 
ably consider that this tendency will diminish somewhat if the 
simulation period ig extended (see Tables 1, 2, 3 and 4). 

.'Implementation of the reforE} leads to major disturbances in 
the trend briefly commented' upon thus far. Graph 3 shows the 
phasing-out of the primary terminal classes and the post-primary 
short vocational 'training (three-year cour.se). The assumption of 
a linear decrease in the transition coefficients to these unit 
groups makes stocks drop sharply from 1967/1968 to 1971/1972, the 
terminal 'classes being eliminated by 1973/74 and the GET classes 
by 1975/t6, i.e. a year later than planned, because of repetition. 

The stocks in these units .(primary terminal classes) are 
directed to the 6e and 5e classes of the lycees, C£G's and CBS^s 
and produce an immediate rise in the first cycle as a whole, at 
a rate of 14.5 per cent during the first five years. 
. • 

Graph 2 compares this development with that shown in the 
reference alternative; it also shows that the influence of the 
reform on second cycle stocks only begins to make itself felt in 
1969/1970 and less sharply than for the first cycle. iiThile the 
first cycle is r.ebal^tnced by 1973/1974 (i.e. same growth as the 
'reference alternative), the second cycle h^L^ not absorbed the 
whole of the disturbemce by the end of the p.eriod studied. 

The net outcome of the implementation of the reform is an 
increase in overall stocks in the system studied, which was to 
be expBnladf sincp £t was assumed that students who formerly 
c ompXe^d~ t n0lT^ ^schoo ling ±n the primary terminal classes would_ 
follow the same pattern as first cycle {)upils of lycees, CBS's 
and OSG'Sj^ where the drop-out rate is lower. 

The fc^llowlng is a breaicdown of the increase in stocks for 
1975/1976: 



Variation in stocks compared to the 
reference alternative 
. . 197^1976 



Type -of 
education 


CK2-f 

Primary 

Termi^ial 


3-year 
C.E.T. 


1st 
cycle 


2nd 
cycle 


2-year 
C.E.T.. 


TOTAL 


• % 

variation 
in stock's 
(thousands^' 


,-508.2 


-477.6 


+1066.1 


+477 


+ 68.9 


+597 



IH.2 Representation disparitiea 

The disparity index mealiohed in P4rt I provides a means of 
^ measurxng/the extejit'of the/iisparities in the two altei?natives. 
* This ind&i was ^c^alculated ^i'tSr three years in the period: 1967/68, 

l97l/72^and 1977/76 ' (with 'linear variations between these years). 
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We note first of all a decline of over 50 per cent in. the 
index between 1967/68 and 1975/76 for the reference alternative. 
There is hence an appreciable improvement in the representation 
of the least favoured group, thoxigh this may be only temporary 
and reflect a swing in the system. It should therefore be com- 
pared with the trend in the index corresponding tt the change in 
structure, ^ 

- Trend of the 'disparity index 



Index 


Tear 


67/68 


71/72 


75/76 


2 A ' 




0.517 , 


0.351 


Ol231- 






0.517 


0.460 


0.145 



This table shows that the reform does indeed achieve one 
of its objectives in the horizon yeetr, namely to reduce inequality 
of representation by creating a common core, 

c 

» We still have to explain why E H> S a between 1967/68 and 
1971/72. Calculation of the index to type of education shows 
that this is due to the phasiiig-out of the primary terminal 
classes and the 3-year GET course: students from groups 2 and 5 
are the first to dj^sappear from these clanses, . which leads to 
_ 0 over-representation of group 1 and hence an increase in the value 
of disparity index E B. Nonetheless, alternative B is preferable 
' between 1971/72 and 1972/76 (see Table 5). • • 

III. 3 Teachers 

The graphs showing the development of teacher requirements 
for each eduqation cycle resemble thpse of student stocks to 
within a homothesfs (see Table 6). 

The effacts of the refoarm are therefore approximately similar, 
^except that primary terminal and^pecialised vocational teachers 
can seldom, if ever, j?e " substituted for 1st and 2nd cycle secondary 
teachers. This considerably slows dqwn implementaxion of the reform, 
as is illustrated by the following table. 
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Variation In teacher reouiremgnts 
as compared with Alternative A 





67/68 


&9/70 


71/72 


75/74 


75/76 


CH2 + 
P.E. 


0 


- 5,270 


-12,280 


-15,876 


-14,497 


' Short 
voca- 
tional , 
C.E.T. 


0 


- 4,845 


-14,705 


-18,592 


-17,959 , 


1st 

cycle V 


0 


> 

12,775 


56,192 ' 


46,554 


47,040 


cycle 


".0 


215 


• 

'2,441 


11,455 


22,572 


TOTAL. 


0 


2,875/ 


11,650 


25,520 


57,156 



III.-4- Resottrce Reuxtlrementa— ^ 

(a) Current expenditxires 

There are two types -of ' expenditure: salaries of teachers 
and administrative staff, called staff costs, and other current 
expenditizres, called maintenance costs, 

Graph 4 plots these two types of .expenditure for each alter- 
native. As might have been expected, the implementation of the 
reform increases staff costs by 17.1 per cent comparted with 
alternative A in^the horizon year, the increase being linear from 
69/70. We shall not comment on the variation in expenditures per 
education cycjie, since these are by assumption diirectly propor- 
tional to the TOriations in teacher requirements. 

Maintenance costs are calculated from costs per student, 
and these costs are much higher for post-primary vocational edu- 
cation than for secondary education (Frs. 555 as compare'd with 
Prs. 100). The^ disappearance of the GET 5-year course results in 
lower mai/ ^'^^iaance costs than for alternative A over the period 
in questic as a whole. 

Let us now see how thfese costs are distributed by social 
group. For this purpose, and /} j have been defined as follows: 
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(Xi = the proportion of staff costs attributable to 
social group j; " . ' ^ ' 

ji i = the proj^prtion of maintenance costs attributable to 
social group j. 

The follbwing are the values of^these ratios for 67/68, 
f 71/72 and 75/76, together with their Values fpr alternatives 
A and B respectively. 

Distribution 'ratios of currefnt ' • ' 

costs by social group 



Year 


67/68 


71/72 


75/76 


Ratio\^ 


i 


1 


i' 




, 1 


2 


3 


1 


2 


3 


a i 


A 


.506 


.301 


.193 


.506 


.303 


.191 


.529 


.301' 


.170 


B 


.506 


.301 


.193 


.507 


.303 


.190 


.524 


.294- 


.164 




A 


.563. 


.290 


.147" 


.550 


..292 


.159 


.565 


.290 


.145 


B, 


.563 


.290 


.147 


.544 


.296 


.160 


.569 


.289 


.142 




A 


'.534 


."295 


*171 


.543? 


.294 


.163 


.555' 


.293 


.152 



This table shows' that^ ^oes not vary by an appreciable ^ 
amo\mt from one alternative* to the other - th6 initial and final 
values are about the same, while the intermediate variation is -l 
. small, and we may conclude that the distribution of maintenance \ 
costs remains stable* In bpth alternatives, the ratio aj remains 
constant over the first five years, af ter ^hich group 1 increases 
its consumption at the expense of 'group 3, while the distribution 
ratio for group 2 remains constant over the whole period • Overall, 
the cost and student distributions do not coincide, as is shown 
by the final line in the table (except for group 2)« The explana- 
tipn of these differences in distribution is that students in 
group 3 niainly belong to the secondary long cycle^ whereas group 
1 provides most of the student stocks foV vocational* courses. 
Staff costs differ from other costs by a f-actor of 10, from which 
one can conclucle tjiat the most under-represented ^roup is even 
worse off in respect of its share of expenditure; while accounting 
for 56 per cent of the schpol population in 75/76, it generates 
only 53 per cent of the staff costs, whereas for group 3, the 
proportion is inverted (15 per cent and 17 per cent respectively)* 

(b) Inve stment 

If we consider only total investments' requirements over the 
period in question, we see that. for alternative A they decline 

c 
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steadily, whereas they reabh.^ maximy&n in 70/71 for alternative 

The addiiiona^ effort made also reaches its peaJc at the same ' 
date and* represents P. 2*9 billion. A diff^rjent pattern emerges 
"with respect to capital requirements by type of educatioli. In 
alternative A, primary, and short vocational education need little 
investment, while in the secondary sector investment requirements 
for the first cycle, declink from Frs.1.3 to 0.15 billion, and for 
the seQOnd cycle reach ja peak of Prs. 1.04 billion in 71/72. \In 
alternative B these investments relate only to the secondai^^-^^ 
c6urse, and graph 5 shdws the pattern cpmpared with alj,ernative 
A. ^Implementation of the reform calls for. considerable •additional 
inv ^m^t , reaching a maximum of Frs.2.7 billion in 70/71 for 
■fche^^l^cycle and Frs.2.5 billion in 74/75 for the, second cycle. 
Thes^^J^Prtional investments are certainly higher than the amounts 
which will actually be needed, since the programme does not provide 
for the re-utilij3ation"^'of the capacities freed by the disappear- 
ance of the primary teiTninal classes' aiid the GET 3-yea;r course. 

IV. CONCLUSIONS 
> 1 ' 

The assumption of structural changes at the' rate advocated 
by the^ Vth Plan will result in considerable overloading of long 
secondary education^ there ^will be no^ increase in the maintenance 
costs of the system,, but , staff costs and especially capital 
' requirements will^be iiaucfi higher. The main difficulty, as we have 
seen^stems from thfe'icohsiderable nixmber of GET teachers who will 
suddenly become redundant. There are various possible technical 
solution^ to this type of problem, namely: • 

(i) retraining of GET t^cheri; . 

'(ii) slower phasing-out of CET 3-year coiirse so that the 
2-year CET's can ab%orb the equivalent stocks; 

(iiij adjustment of qualifications to permit GET teachers 
-to teach fa the "practical" sections of GES's and 
,GEG'b. • ^ ^ 

In practice, it seems necessary to combine solutions (i) and- 
(ii) if the same system of teacher, qualifications i's to be re-' 
tained. Solution (iii) is a hasty "makeshift" solution and con- 
flicts with the desire to create an education system of the same 
quality for. air 1st cycle stu^nts. 

Observation also shows that, former students of primary ' 
terminal classes do not* cross the bridge (or not to any great 
^ extent) between the short stream (practical sections of GEG's 
and GES's).^and the lojng stream (classical and modem sections 
of the lycees). Unfortunately, the narrow statistical base pro- 
hibited simfulation of these different streams. 



- 65 - 



T^iis observation leads us to view with caution the reduction 
in the disparities of representation that emerged from our stiidy 
when the reform is carried into effect, ' . . • 



Furthermore, the' breakdown of current costs by ^pcial group 
emphasises that group 1 is not only under-represented, but obtains 
a lower overall share of resources. 

The limitation of the study's findings and their linear > 
nature stem mainly from a narrow sta^tistical base which has 
prevented an examination. of why CEO's (and to a lessor degreer 
CBS's) are 'l^^rrier to access to "2e" plasses. The advantage 
in using thiv model is mainly -that it quantifies reactions that 
are to a large extent already foreseeable. 



J 



A... 
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Graph! 

DEVELOPMENT OF STUDENT STOCKS PER SOCIAL GROUP 



Agricultural wage-earners 
Self-eaployed farmers 
Industrial ar)d general workers 
No occupation 



Craft$s)en and shopkeepers 
Clerica! workers 
liiddle»tevel executives' 



Professional workers 
Higher executives 



1967/68 



1969/70 



1971/72 . 

Graph 2 



1973/74 



1975/76 



DEVELOPMENT OF STUDENT STOCKS OF ls> AND 2nd SECONDARY CYCLE 




1967/68 



1969/70 



1971/72 



1473/74 



1975/76 



7 



Graph 3 

,0^,^' DEVELOPMENT OF STUDENT STOCKS - PRIMARY TERMINAL AND GET (3 years) 



L5 



LO 



0.S 



01? ■ 
Primary Tenamat 



• . 1967/68 



10* F 



5.000 



1.000 



1967/68 



^ CET (3 years) 



1969/70 



1971/72 
' Graph 4 



1973/ 74 



1975/ 76 T 



DEVELOPMENT OF CURRENT COSTS (Constant francs .1968) - 




1969/70 



1971/72 , 



1973/74 



1975/76 T 
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1. Development of stttdent stocks per branch 
of education (thousands) 



^ -^--........^^^rear 


67/68 


69/70 


71/72 


73/74 


75/76 


CM2 

irr unary 
Terminal 


A 
B 


144^.4 
1446.4 


1453.3 
1268.8 


1465.8 . 
1036 


1479.8 
994.2 


1500 
992.6 


3-year 


A 

B 


503 


474.6 

362 


464.3 
118.7 


472.2 
9.6 


477.6 


Lycee, CBS, 
CEG ? »' ' ■• ■ 

Ist cycle 


A 
B 


2103.9 
2103.9 


1 

. 2552 , , 

2652.9 


2477.9 ,j 
3309.8 


3569.5 


, 254^kl , 
3615>^ 


Lycee 


A 


767.4 


818 


924.3 


1020.5 


1068.7 


2nd cycle 


B " 


767. 


822.3 


972.9 


1248 


1515.7 


2-year 
GET « 


A 
B 


93.1 
93.1 


111.1 
113.4 


131.4^ 
142.4 


149.8 
190 


156.1 

.225 


Total 


A 
B 


4913.8 
4913.8 


5209 
5219.4 • 


5463.7 
5579.8 


5641.9 
6011.3 


5751.5 
6348.5 
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Developiaent- Of student stocks per class 
RefeTe'ncefaltemative A- (thousands ) 



Class 


Unit 




69/70 


71/72 


75/74 




CM2 


i 


1 




962.3 


968.1 


978.7 


991-8 


P.E.I 




2 


'2201 


230.0 


252.1 


255.4 


238.1 


P.E.2 




3 


261.0 


265.6 


267.7 


270.1 


GET 1 




A 


201.^8 


183*4 


188.5 


19(^.8 


192*3 


GET 2 
GET--^ ' 


\ 


5 


157.5 

143'.7 


148.0 

143.2 


144.9 

131.1 


148.0 
: % 
134.1 


149.4 
135.9 


Se 




7 


645.3 


674.1 


680.5 


■ 684.7 


698.4 


5e 




o 
o 


574.5 


C A^n t\ 

647.9 


CC A A 


669.4 


675.7 


4e 




9 


485.6 


565.5 


6O5.9 


615.7 


617 


3e 




10 


598.5 


466.5 


529.1 


551.1 


557.1 


2e 




• 11 


■ 295. s • 


550.5 


578.2 


405.7 


414.-7 


le 




12 


■ 245.5- 


256.8 


1294.7 


529.1 


545.7 


T 




15 


2/6.1 


250.7 


, 251.4 


285.7 


510.5 


CET*1 




14 


. 55.1 ■ 


'^62.0 


75.8 


81.9 


84'.! 


GET*2 




■15 


58.0 


49.1 


57.6 


67.9 


72.0 



3. Development of ^gtudent atdcks per class 
Structural change alternative B (thousands ) 



Class 


Unit 


67/68 


69/7,0 


71/72 


73/74 


75/76 ' 


CH2 


1 


949.7 


962.-3 


968.1 


978.7 


991.8 


P.E.I 


■ 2 


220.1 


97. 6 


14.6 


0.4 


0 


F.E.2 


■5 ' 


276.6 


208.8 


53.3 


15.1 


0.8 


CET 1 


• 4 


201.S 


100.4 


13.3 


•0 


0 


CET 2 . . 


5 


157.5 


119.8 


34.2 


0.3 


- 0 


CET 3 


6 


143.7 


141.8 


71.2 


9.3 


0 


6e 


7 


-645.3 


822.7 


922.9 


938.8 , 


958.4 


5e 


8 


574.^5 


'749.4 


923.7 


913.1 


916.0 


4e 


9 


485.6 


595.6 


808.2 


891.0 


891.4 


5e 


10 ■ 


.398.5 


485.2 - 


--655.0-- 


826.6 


84i9.4 


2e 


11 


295.8 


334.8 


416.0 


548.3 


623.0 


lere 


12 


245.5 


2,56.8 


3CU.5\ 


'393.1 


494.2 


T 


13 


226 .A 


230.7 


253^-^ 


306.6 


398.5 


CET*1 • 


14 


55.1 


64.3 


81.6 


108.4 


122.2 


Q1ST*2 






. 49.1 


60.8 


81.6 


102.8 














• 
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5. Di3parit-v^.vLi^jex per type of education 
8uad f^r^-fehe vhole* system 
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!• IHTRODPCTION 

The purpcfse of this paper is to look at the Sinnilation Option 
Model (3)r or SOM, of the OECL from the point of view of control theory 
both in order to disciiss SOM and to suggest certain possible expansions 
of the model which might be qiiite fruitful. In order to avoid ambiguity 
al?out what is meant by control theory ^ the following definition will be 
used: 

' * *• * " - 

"Control theory is that body of knowledge concerned with actively 
bringing ai system from one state of nature to another (possibly 
the same) with a performanca criterion either explicitly stated 
or tacitly understood," 

Notice thatt the above definition makes no mention of Just what type of 
mathematics .is , involved but rather it stresses the word "actively'' 
because the real disl^inguishing feature of control theory as opposed to, 
let us say, astronomy >^ is the conscious desire on the part of the analyst 
to do something such tliat the system behaveS better in light of the 
explicit or tacit criterion. 

However, not .only does control theory have a good bit to ssCy about 
Btfluencing the behaviour of *%flystem but it can materially add to the 
description of the system as|S«3.. In fact, much of what is now referred 
to as "Modem Cdfitrol Theory "^^toosely speaking, can be broken down into 
two categories, (l) analysis 'and {2) optimization; the former is concerned 
primarily with the types of mathematical representations which are most 
sxxit^ed for explaining, describing and presenting the data, the system 
and the results, while the latter focuses attention oh^what can be done 
both theoretically and in practice using thdse representations to produce 
the best results* , . 

Some recent papers (10, 12). have used some optimization techniques 
taken from control theory and have applied them to educational planning; 
too often the misleading impression is obtained that only this facet of 
control theory, optimization, is relevant to fields such as economics, 
education or the social sciences ir^ gener^. As a^by-product, it is 
hoped tiiat by cdncentratimg on SOM, this paper can be useful in indica- 
ting how othgr aspects of control th'eory can be profitably exploited both 
for SOM in particular and educational planning models in .general. 

\ II. GRAPHS -AM) TABLES 



When engineers look at research done in educational plajining models i 
there*' is often a senae of disorientation brought about due to" the ove3> r 
whelming niimber of tables in a typip^ report and ^the almost total lack 
of graphs. Referring to the usual jQrpe of educationfa planning report, 
Evans (6) notes that: , 



Figures in brackets refer to. References p. '94^ 



\ 



"These plans quickly immerse the reader in extensive tables ' 
,* of numbers - population data, school enrolment figures, 
figures on the educational level of the vorking force, on 
teacher qualifications, and ^ so forth. These Humbert are 
\ frequently given to as many* as six significant figures, 

suggesting a degree of accuracy that is hard to believe. 

"But most striking of all, perhaps, is tfxe almos* total 
absence of the use of graphical techniques, either tdr 
display purposes or as part of the projection process oised 
to arrive' at the estimate ^ A half dozen of the basic refer- 
ences in the field can be read from cover to cover without 
encountering more than that number of graphs. This situation 
is puzzling in view of the advantage q of graphs in such 
areas as display, extrapolation, and projection*" 

Moreover: 

"Graphical display of tjie dynamic patterns in the educa- 
tional system would allow the implications of various 
policy alternatives tq be , clearly and simply demonstrated*. 
Educational and census data are typically sketchy or even 
completely -absent. Such data severely limit the accuracy 
of calculations based on them emd argue for techniques 
' which do not give sp\irious impressions of precision* Finally, 
the techniques of extrapolation and projection are inher- 
ently ^aphical anyway,* Why not display them as graphs?" 

Why not, indeed? And it was very refreshing to see that the authors 
of 50M chose to display prominently - and in round numbers - the graphical 
unfolding of enrolment and expenditure versus time, leaving the' tables 
at the very back of the report. However, as Evans also suggests, they 
could go still further and display on one graph, "Supply of Teachers vs. 
Time" and "Demand for Teachers vs. Time" in order to show clearly how 
different -policies relating, for example, class size; teaching load, 
rate of success and i&te of choice, will produce different types of 
results - for exampl^k too many teachers, not enough teachers, just 
enough, too many one yaer and then a shortage the next and so on. * 

Furthermore, it might be of some use to plot one variable versus 
time. For example, for specific policies, a decision-maker might wish 
"to see such things as (1; "Resource Expenditure vs. Class Size", (2) 
"Teacher Supply vs. Number of Studeix^" or (3) "Medical Students vs. 
Total Popvilation" in order to get a quick picture of how the educational 
sphere is developing with respect to itself and to the rest of society. 
One of the main* motivating factors behind the production of mathematical 
models in educational planning was to give the decision-maker a tool 
which would reduce the huge amount of interconnected and confusing data 
so that he woxxld be able to see immediately what 'should be done. The 
further use of graphs ad opposed to tables would go a long way in pro- 
viding such a service and the possibility of providing such graphs as 
suggested here for SOM should be looked into. 
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III. gVHAT If" AMD FEEDBACK 



One of the most Important featured of SOM which, distinguishes it 
from most previoug mathematical models in' educational planning is that 
instead of giving :one projection, SOU can calculate one projection for 
each of the various assiamptions. As the report put it: 

"The SOM is • neutral! with regard to pf^q^ies between- 
. educational objectives, since it merely Emulates the 
development of tHe system on the basis of various assump- 
^ tions or estimates of such factors as transition co- 

efficient's, demographic developments, restricted entry or 
other resource restrictions, relationships between physical 
and financial resources, etc. It can thus be seen as a kind 
of 'what-if ' model, in T<hich the effects of considered 
changes are traced through the educational system. It is, 
for instance, designed so as to be- able to answer such 
questions as: 'Vhat consequences concerning the educational 
outflow'^and educational resource requirements will we get 
if this transition coefficient increases ove.r tijne in. this 
way, or if class size is changed so and so much?'" 

Philosophically and practically speaking, this "what-if" viewpoint is 
very important but not without certain unanticipated hazards. In his 
review of the book, Decision Models for Bducational Planning (l), 
Vaizey(13) "makes, the following devastating comment concerning the book's- 
advocacy of the radical position that not only should' altematives be^ 
shown but is in fact the most useful way of presenting the residts: 

"This, it must be said, has not been my own experience. ' 
I tried very hard on the National Advisory Council fo^ the 
Supply and Training of Teachers to have a range of figures 
put .up which would be explicitly based on various hypotheses 
but it was most strongly pointed out by the officials 
^concerned th^t inevitably the Treasury would fasten on tW 
' lowest. It was presumably for this sort of reason that the 
Robbins report put forward one single series of figures 
rather than the ranges that they undoubtedly considered." 

In other words, SOM is absolutely correct in getting away from the 
faj.se and restrictive notion that there is only one course that Society 
and education will follow and SOM is completely right in trying to be 
as explicit as possible about its assumptions. According to "Alternative 
Educational Futures and Educational Policy Planning" (2 ) , a minimum 
requirement for Second Generation Educational Planning, SGEP, Is that 
the model have the following aspect: 

"Tracing through the future consequences .of current and 
foreseeable decisions. This amounts to an. attempt to » 
determine alternative educational futures resulting from 
past aiad current policy decisions. It can be labelled a 
•forwazxL running* or 'exploratory' approach." 

But as Vaizey indicates,, the decision-maker may not *be sophisticated 
enough to know what tQ do with his tooi. Perhaps in parallel with pro- 
viding better analytic instruments for the decision-maker, CERI sho\ad 
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undertake considerable effort to educate the decision-maker in how to 
utilize his instrument properly* For example, in keeping with the spirit 
of Vaizey's comments, even such a modest proposal as graphs instead of 
tables would be tp no avail if the decision-maker were so poorly versed 
in mathematics a3 to prefer r tables over graphs T^ecause tables give exact* 
6-digit information while graphs give him 'a headache. Rather than as 
Vaizey put it, "Let us hope that, somebody, somewhere can understand 
them>** a conscious effort should' instead be made to ensure that the, 
decision-maker comprehends what SOM and otiier educational models ^al'e 
telling him. 

However, the "What'* if" approach has a weakness besides that of the 
decision-maker's possible inability to gomprehend what he is being 
info:rmed of. The "what if" approach is indeed "forward running" in the 
sense meant by control engineers. That is, SOM as presently set up is 
feedforward, or open-loop only and contains no feedback with respect to, 
the control variables or the transition proportions. • ' . 



The way SOM is presently constituted, the trajisition proportions 
are considered as exogenous variables and for every configuration of 
the transition matrix, in conjunction with preselected or^p"^-programmed 
values of the control or decision variables (which are* for example, class 
size, teaching load, rate of choice,, rate of success and si^e of the 
bottlenecks in the sectors of restricted entry), there is then an un- 
folding of the future. For a different set of exogenous transition p!ro- 
portions ajid/or different values of the control variables there is a 
different unfolding of the future. 

As Fig. 1, a very simplified block diagram of SOM, reveals, the 
entire SOM model is open-loop with no feedback coupling between the 
results - students, teachers, money spent - and the transition propor- 
tions or the control variables. In other words, the vector of control 
variables, u, and the transition proportions, p . ^ are functions of time 
only: > • ' 

u(t) . / ^ (1) 



PiJ = ^ij^^^ 



(2) 



This assumption, as embodied in Eqs. (l) and (2), is very di"fficult 
.to defend. Transition proportions don't have lives of their own quite - 
independent of tKe number of students^ and teachers in the various sectors; 
the control or decision variables in 'the real world are*nol; merely P^r;>v</ 
programmed but rather are -^related in a feedback way to how the futul'fe' 
is- develop'ing. ^ ' 

In a sense, SOM, by not taking into account the feedback xiature 
of the situation, is vulnerable to the criticism by Frisch(7)' and later 
by Bdding and Naamann(5) made with refereaice to models VMch completely 
suppressed the influential nature of decisions:^ > 

."On the one hand. . one still retains the <>nlooker viewp€y.nt, 
and tries to make projections on this basis (growth models 
of the current types). And on the" other hand one will 
afterwards -try to use such projections as a basis for' 
decisions. How can it be possible to make a projection 
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without knowing, the decisions that will basically influence 
. the course of affairs? It is as if the policy-maker would 
say to the economic expert: 'Now you expert try to guess 
what I am going to do, and make your estimates Accordingly. 
On the basis of the factual -informAtjon thus received I 
will tben decide what to do.'" 

scientists in attempting to provide information for 
* policy decisions had to anticipate exactly those political 
decisions for which their findings were supposed to provide 
the basis of information. 

Obviously, the decisions and the transition proportions must be 
related to* the states of the system and it could be highly misleading 
if policies and social demands were presented as being entirely un- 
affected by the states of the system. As the Secretariat of the OECD 
put it, (2) 

"... more attention will need to be paid to feedback 
mechanisms. There will, therefore be a growing need for 
applications of adaptive control theory to educational 
*policy-plan|iing problems. "« 

» 

In Section V, the archetypal model of control theory will be intVo- , 
duced and it will be shown how Eqs. (l) and (2) coxad be modified in 
order to exhibit this feedback property and consequently avoid the pit- 
falls mentioned by Prisch smd Bdding and Jiaumann. " ' 

* IV; CRITBRIA: EXPLICIT AND IMPLICIT 

Once again, according to the OECD Secretariat(2) , a necessary 
requirement for SGEP is the inclusion in the model of "multidimensional 
goal assessment" or in other words, a criterion. SOM of course does not 
have an explicit performance index. This is not so severe a limitation 
as it seems* at first. According to the definition of control theory 
given above, criteria may be either explicit or implicit^^ It is well 
known that it is. exceedingly difficult and perhaps .even impossible to 
formulate an explicit criterion in education which would be universally 
accepted as correct smd meaningfixl. Two recent documents prepared for 
the OECD (9,14) deal at great length with* the fact that society has 
become increasingly fragmented with respect to the beliefs and values 
held by the various groups regarding education and thus deciding on an 
index of performance agreeable to all concerned is very hard to imagine. 



It is beyond the scope of this paper to discuss properly what is meant 
by adaptive control. In the late 50's.£md early 60 's, much attention 

- was paid to this area by controls people but it has not proved to be 
nearly so fruit fxil as was envisaged at first. Although the property 
of adaptivity certainly soxmds desirable, building in such a feature 
i^ often impossible in practice. Moreover, whether a control system * 

. has the property of being adaptive or not often depends on the sub- 
^ jecti'v^ views of the designer and not upon any strict, izniversally 
agreed-upon definition. 
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Much of what is now called "Introductory Control Theory" had cri- 
teria wMch were implicit and qualitative and ^therefore hard to use 
analyfi^eLlly: fast Tise time, good phase margin, not too much overshoot 
and so oh. Buig within this limitation, a gOod deal of important, uaeful 
work has been accomplished,* 

.SOH's indei'of petformance seems to be Implicitly given by the 
graphs and tables for the different alternative's • Presumably, the 
decision-maker woijld scan or stxidy all the carefully laid-out graphs 
and tables artf^ via some ii^temal computer of his own mind he would 
select that policy vector .which optimizea some inn"er objective function 
of personal feelings. If this is so and' will be so for quite some time 
to come due to the inherent difficulties of making criteria explicit, 
then it becomes vitally important to present the alternative resxilts 
in the clearest possible way so that an educated, knowledgeabjl^ decision- 
maker can properly u§e his experience. 

As has been suggested, one way to give insight is to display the 
results in the form of graphs. Another possibility, is to display in 
addition to the computer flow diagram, a block diagram such as ?ig.l 
in order to ^show essentially aind without excessive detail how the sub- 
models fit together and what, if any, feedback mechanisms ^are present. • 
If it is argued that decision-makers do not understand block diagrams ^ 
then it is necessary to instruct them in the use of block diagrams. 
After all, it makes very little sense to expend so much effort to im- 
prove our models from .what CERI refers to as "First Generation Edjzca-- 
tional Planning^ to "Second Generation Educational Planning" if the 
decision-maker remains at the zeroetji generation. 

Continuing in this vein, because SOK's criterion is implicit, it 
becomes necessary to use even more "esoteric" notions tnan graphs and 
block diagrams. Most of SOM's flow model as discussed in-the report 
cpuld be viewed as a linear discrete System whose coefficients are, 
constant or time-varying; non-linearity enters into the picture due to 
the sectors of restricted entry. Although non-linea:rity detracts greatly 
from the tractability of the" analysis, it would be conceptiially possible 
to linearize this type of non-linearity (which control theorists refer 
*to as a "soft limiter") by finding a linear equivalent (8) . 

This linear equivalent, even though possibly time-varying, could 
be employed so that such useful control concepts as eigenvalues, modes 
of^ vibrations,— impulse response, fundamental piatrix and so on can be 
discussed. In this way, the level of^lscussion can be lifted ujy 
markedly. Although Section II of this paper has proposed the superiority 
of graphs over tables fbr data reduction purposes, graphs of outcomes 
are really not very basic to the understanding of the system* Because 
SOM has very many states, graphs of every student and teacher sector 



^-For a discussion of how some implicit criteria May be made explicit, 
see Chapter 8 of Schultz and KelsadD. which is a very yell written 
book on some aspects of "Moc^em Controi Theory". 

**Strictly spealcing, some of tl^ese concepts are not defined for time- 
varying systems and either approximations have to be made or the con- • 
cept has to be generalized; usually resulting' in more difficult 
computation.^ 



for every conceivable control policy, immigration pattern and transition 
matrix would still offer the decision-maker an tmenviabie task in data 
reduction. 

However, control theory has been conceraed with exactly that (ann- 
1050u8)t3rpe of large multi-variable system and the problems of analysis 
and data reduction which confront educational decision^nakers. .Inasmuch 
as the above mentioned notions of eigenvalues, etc», have proved useful 
for control systems, it woiad be^ expected that they would^do likewise 
in education. But once again, y training programme might have to be 
implemented with regard to educating the decision-maker. 

V, - ARCHETtPAL COHTBOL MODEL 

^Control theorists Jiave foxmd that from an analytic, computational 
and philosopMcal pbint of view, the best way to frame a' discrete con- 
trol problem is to ' 



Bztremize with . j 
respect to u 

with tWdynaunics put in ^the form of 

^ ^ 'X (k+1) = function of 3(k),u(k),k 

where J is a functional of x(k),u(k),k. 

z is the vector of ,the states. 

u is the vector of the controls. 

k is discrete time. 

When the system is linear, then Bq.(4) becomes 

• X (k+1) ='a x(k) + B uCTcX 

where A and B are matrices. 



(3) 



(4),' 



(5) 



Given this framework, .control theorists attempt to find ±he 
control law ' 



(6) 



which will extremize the functional, J. Notice that u depends upon 
the states of the system or in other words, Eq,(6) is~a feedback 
relation between the states and the controls and stands in marked * 
contrast to Eq.(l). 

With regard to the transition proportions, if it ia felt that a 

particiilar p^^ depends on such things as students, teachers or resources,' 

then pj^j is one of the states of the system and Bq.T[4) (or if linear, 

Bq.(5)) app^^es so that 
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p^j(k+l) = Pi^(x(k),u(k),k) / (7) 



>gain, is in marked contrast to Eq.(2). , 

But a heavy price is extorted foy incorporating reality. Rot only 
do the computations get more difficult because addition^ states are 
included, but also the feedback relationships between the states aiad th^ 
control variables must be determined. JInf ortunately, not very much is 
, T>resently known about the closed-loop te^^aiA relationship given by 
Eq.(4), Yet, we caff*t .conveniently assume it away by requiring the model 
to be open-loop or ^feedforward only, if indeed there are feedback 
mechanises operating in the system . 

Th^ is, of course, the dilemma of many sociail science models: "How 
to tratde ef f mathematical convenience against the real world's complex- 
ities." Unless educational planning models face up to t^is situation 
whereby decisions are coupled in a closed-loop feedback manner with the 
states of the system,' progress will be minimal, ^ 

^ ' . • 

- VI. SUBMODELS - nONTROLTJVBILITY AKD OBSEaVABILITY ^ 
♦ 

-| Basic to ^ the philosophy of ,SOM is thef concept of optionality em- 
J bodied in the'combining and discarding of submodels to suit, the sitxiation; 

\for example, both the Teacher Supply Submodel and the Resource Submodel 
can "be utilized or not as the data ^nf> the decision-maker demand. 
Intuitively, there is much to be said in a positive way with respect to 
increased flexibility and comprehensiveness rega3:*ding the combiniiig of 
submodels; there also exist some dangers wiiich are not immediately obvious 
at first and some care is needed when putting submpdels together. 

Much of "Modem Control theory" is motivated by complicated multi- 
variable systems and these have led to a thorough re-examination by 
coptrol theorists of intuitive, concepts which were handed down from the 
study of much siyipler systems. It has been foimd that when combining 

' subsystems or submodels, special attention must be paid to the z^esulting 
system's (1) "controllability* and (2) "observability"; it txunas out 
that subsystems which may be each controllable and observable when' 
combined may result in an overall system which is neither controllable 

'.\ nor obser^ble. 

♦ I 

^ loosely speaking, in an educational planning context, controllability 
-^/'V^oadd rejfer to the ability of the decision-maker to steer the system from 
I -.any' state to any other in a finite tiaie while observability woxild refer 
to the decision-maker's ability to ascertain the behaviour of the states 
from the measurement of the system's outputs. Since the steering of the 
overall system and the ascertai|iing of its behaviour are fundamental to 
the desires of the decision-maker, it becomes Apparent that very great 
^ heed must be taken regarding the controllabilrty and observability of 

It goes without sayin&that subsystems which may be each stable, when 



combined may^ result i^ki system which ^s iinstable* 
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the overall system* Because subsystems which are each controllable and; 
observable may produce a non>-controllable iind non-observable overall 
system, particular care is required in the combining of these subsystems. 
Without such care) the decisiop-maker may find himself xmable either to 
influence certain states or determine their behaviour* . \ 

DBTERHIHISTIC VS> STOCHASTIC MODELS 



SOM as .presently constituted is deterministic only* ?or each con- 
stellation of transition proportions, ^decision variables, inputs, etc*, 
there is one and only one set of results* That is, once the constellation 
has been a^eed upon, the results take the form of kiiife-edge forecasts. 
Per example, when discussing the raising of the school-leaving age, BOM 
tries to avoid introducing non-deterministic effects by JMsuming in all 
cases but 4A? that those who .were forced to stay on will "adopt the 
continuation pattern of those who continue volxmtarily^ ; in case 4A*, 
those who were forced $o stay on will "leave school as soon as possible", 
So'-called second-order effects which intuitively are probabilistic in 
nature are ignored in the presentation of the results although the report 
does mention them in passing: 

I, \ ~ 

"On the other hand, certain pupils who earlier stayed on after the 
age of 15 may stay on even longer becaxise of the reform, in order 
to keep their 'educationail diff eztential' "* 

As Armitage {l)^has pointed out, such probabilistic effects may be 
quite carucial in juat this situation where behaviour patterns may change 
due to policy changes* Unfortunately, a model ^riiich is stochastic or a 
basically deterministic model which incl^ldes stochastic elements is 
usually much more difficult to handle* Again, we are in the situation 
where we have to' balance off our desire to model fully the system 
against the increase in mathematical intractability of the model * Further- 
more, with r%spect to the example in ^K, if we could introduce the 
necessary probabilities in order to calculate a range of answers for 
each policy, then each of the curves pictured, instead of being hair- 
line or knife-edge, woxild be some sort of cone spreading out into the 
future and possibly, therefore, overlapping* As ZieglerTl4) put it, 

. *^ 

"The point is that the longer the time^perspective, the 
more uncertain are the assumptions on which linear pro- 
jections rest, and the greater is the 'spread* between 
the maximum and minimum parameters of the functions extra- 
polated* The reliability of these .assumptions decreases 
because we are less certain both about oui* expectations 
ftnd our intentions^" ' . # ' 

On the other hand, Coleman (4) points out, "there is an ever-, 
present danger with probabilistic models that we will use them ,to say 
little or nothing - but to -'say it elegantly - about the behavior at 
hand^" He further adds that" in reality, deterministic models, because, 
they ai*e simpler may indeed be better because "simpler ma thereat ics may 
'allo^ investigation of problems which remain completely closed so long 
a9 the extra burden of the total distribution is carried along, for the 
basic model may be made more complex without reaching unmanageable 
mathematics* And the argument .that the stochastic process is more 



•fxindamental' is not a valid argument at all#" As a final note he 
leth^iy observes that, "some probabilistic models do little more than 
formalize our ignorance." ^ 
• 

Thus it is seen that SOM^s non-stochastic nature is not necessarily 
th,e h^icap which it seemed at first, with particular reference to the 
raising of the school-leaving age, however, the omission of the proba- 
bilistic effects MhXph can cause spreading of the forecasts, may result 
in presenting the decision-maker with very misleading advice due to the 
dubious precision of the graphs. . 

Despite the above quotations selected from Coleman's book, it ^ 
' should be noted that Coleman is very much in favour of using stochastic 
: models when applicable and relevant; note that ' he himself 'devotes seven 
chapters, or approximately 200 pages to stochastic models.* Part of the 
conceptual, as opposed to the purely computational, difficulties of 
stochastic models is that they o?ten call for parameters or variables 
which are exceedingly hard to measure even in principle ai£ whose very 
existence is questionable and thus Coleman's acid comment conaeming 
formalizing ignorance. 

For example, when Armitage treats the raising of the school-leaving 
age by means of a priori probabilities which the decision-maker has of ^ 
student behaviour, this brings up the problem of "subjective probability , 
a concept that has caused marked disagreement among statisticians; some 
statisticians insist it doesn't exist whiles others, equally insistent, 
clai/n it is pivotal. But if probabilistic e^^fects are important and 
relevant, stochastic models would point the way to the measurement of 
various qixantities for which no one had previously bothered (or perhaps 
dared) to gather the necessary data. 

Whether or not the model is deterministic or stochastic, ttte * 
decision-maker is still interested in controlling and observing the , 
^system. Control enginQ.ers have now built up a considerable body of know- 
ledge, both theoretical and practical, concerning both types of models 
and how much ext^ difficulty may be involved conceptually and computa- 
tionally when a d^tenainistic model is widened to include stochastic 
elements (10). WJth some very clever* utilization of a high-speed com- 
puter, some of Coleman's critici-sm regarding intractability can be over- 
come - some, but by no means all and perhaps nowhere near eilough. 

V 

But steering a^ chemical plant whose parameters are partially known 
with noisy inputs and noisy Qutputs so that some reasonable (if not 
fully explicit) index of performance is made !|good"r if no.t best, is 
certainly roughly t,analogous to tha-situatipEL^in educational planning. 
In educational planning, a decision-maker -on the basis of very noisy 
data ahd an incompletely known educational plant tries to m^ke the - 
system perform acceptably. Consequently, it wouldn't be entirely sur- 
prising that if SOM shot^]^ ever incOTrporate probabilistic features,* 
iuch frustration could t?e avoided and efficiency gained if the massive 
literature of control theory Were investigated. 

' \ - 



In addition, several other copters have stochastic models but their 
main attention is focused on the deterministic approximations. 
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« VIII ; aUHMARY AND CONCLUSIONS 

' / ' V 

/ - ^ <^ 

This 'paper has attemj^ted, without resorting to too much mathematics, 
to consider SOM from a control theory point of view in order to offer 
possible paths of investigation which might be profitably exploited for 
educational planning models ±rx general. Certain key concepts in control 
theory have been mentioned; aipbng them are' feedback, oontrollabili-tyf 
observability, block diagrams, index of performance and so on. The 
archetypal control framework for the deterministic case was sketched 
and contrasted with the present form of SOK. Discussion was aJ.so made, 
using the perspective of control theory, regarding the use of more* 
refined tools for presenting the results to the decision-maker etnd the 
need for him to be able to understand these Jbools> Some comments were 
given regarding stochastic and deterministic models with reference to 
the fact that both need to be properly steered, and that control engi- 
neers have a considerable body of expertise in this area, 

' . r ^ 

Because this paper has stte^ged the positive contributions of a 
control point of view, perhaps a ^caveat is^needed ?.n closing. Consider 
the driving of a car as illustrated in Pig, 2a, 2b and 2c, ^ One way to 
drive the car is, as shovm in Pig, 2a., to look in the rear-view mirror 
and steer in the hope that the road will continue on as it has in .the 
past. Another way, as shovwi in Pig. 2b; is to drill a hole in the fiot)r- 
boards, straddle the center line and look down and steer according to 
the center line beneath the feet. - ^ 

Naturally, a better procedure, and one which embodies good controJL 
principles , IS look at the road which lies a reasonable distance ahead > 
and stt-er accordingly, Tig, 2c, But vriaile this model of steering -a car 
is seemingly proper for exhibiting' the usu^ type of control problems, 
is it relevant for educational planning? 

Por example, perhaps instead of a road, that is to say, a well-^ / 
defined path, there is a broad plateau whose surface is not homogeneously 
smooth. Insteaid of a car, we have a bus and all the passengers have a 
steering wheel and an accelerator with most of the steering wheels and 
accelerators unconnected to the wheels of the bus. Furthermore, let us 
add a bit of fog, non-unifcrrmly distributed so that some passengers 
have a better view - or at least think that they have a better view, 
we can quickly see that if eduO.;tional planning falls into this situation 
as represented in Pig, 2d, then^'we have a vastly different type of pro- 
blem and one in which control theory may not have too much tcJ contribute. 

In spite of this ca-^eat, we need not be too gloomy. Educational y 
planning, labile not containing all the pleasant properties of simple Con- 
trol systems, nevertheless is not so chaotic as the jSituation depicted 
in Pig. 2d is. The very fact that we feel that planniii^ should be and can 
be done implies ''that there ejcist certain rationally thought-out decisions 
which will produce better results. Therefore ,\ it is hopM that some of 
the ideas from control theory as presented here can aid substantially in 
actively determining these correct decisions, 

Pigure 2 is taken from discussions with Professor J.G. Balchen of 
The Division of Automatic Control in Trondheim who originally proposed 
this i/dea. In a loosQ way. Pig. 2a, 2b and 2c correspond to Ziegle,r*s ♦ 
"future as pua extrapolation of the present", "future. as the present" 
and "single, alternative future", respectively. 
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!• IHTROBTJCTION 



1. The request made by OECD for this paper implied a,desi?»e for 
'evaluative comments about rOles and applications for. models of the 
educational system; more particularly simulation modeljs; and especially 
the 'Simulation Option Model (SOM) recently published tiy OECD, I infer 
from thds an invitation to examine and eval\zate SOM in sofae detail • 
5ince that examination will involve some apparently critical remarks, 
it is importemt to make clear at the outset my general impressions of 
SOM, so that the later parte of this paper can be seen in the context 
of my. overall reaction to the work that SOM represents, 

2# Firstly, it is difficult to evaluate comprehensively a model with 
which one has not worked closely and extensively. To read about a thing 
as complex as SOM without seeing it in action, let alone being on first- 
hand terms with its inner workings, makes possible only a Speculative 
examination. For that reason, anything . said her^^bout SOM must be 
reco^i^sed as the reactions to it of a relative stranger. 

3# Secondly, jay reaction on the whole to ;the intent, focus and design 
of SOM is favourable. It seems to me a sensible step in the evolution 
of models designed for the service of educational planning and manage- 
ment. The failings of SOM are those of not going far enough; an under- 
st^dable shortcoming in work of this 'sort. 

4. I like the emphasis on SOM as a tool for simulation and experiment, 
rather than as a' direct means to planning or decision. It is important 
to keep models of this soj:t at 0]fl^ remove from the decision process, 
In concept as we^ll |^ in fact. 

5'. The ^eed for tools like SOM is for small ones of flexible applica- 
tion, accessible and attractive to working administrators. How well SOM 
meets these last criteria is a point about which I should like to know 
more,. SOM clearly makes a move toward flexibility by allowing certain 
of its pecrts to be used separately from the others. 

6. The literature on models for educa,tional planning is a fairly new 
one, particularly t)ie literature relating to educational , as* compared 
to economic models, to use "Oie language of the OECD Technical Report on. 
SOM. The earliest such models were fairly small, and usually operated 
by hand (i.^e. with the aid of a desk calctilator, or pe:jj|aps a slide 
rule), later there camera tendency towards rather large-scale computer- 
ised models, encompassing a great many considerations, but expensive to 
operate and complicated to comprehend. SOM is, I believe, representative 
of a third stage in 'the evolution of edupational planning models, one 
which combines the technical advances of the second stage with the 
simplicity and accessibility of the earlier and simpler models. But 
believe that we still have quite a way to go in that direction. 



If models are to contribute meaniiigfully to the central prablems 
of educational planning and man^ement , they must be both intellectually 
and operationally respectable. Here also, SOM seems to be satisfactory, 
though further acq\iaintance with it would be needed for a firm ;)udgement 
on this score. 

8* The remainder of this paper consists of three parts: firstly, a 
discussion of the technical requirements to which a mbdel like SOM 
should measure up, and how well SOM fares in that regard; secondlj, some 
comments on the requirements and possibilities for application of a 
model such as ;bhis one; and finally, some more detailed aiyi specific 
criticism of the Technical Report, and of the model itself. This final 
part has the nature of an appendix, and is a by-product of preparation 
of the mpre general parts of this paper. 



' II. BVALUATIVE COMI'lENTS 0^ SOM 



9. I chojjse to preface' this commentaiy with a review bf^py attitudes 
about the general q\ialities a model such as SOM should have. This 
review will serve two purposes: firstljr, to serve as baokgroiind for the 
evaluation; and secondly, to put these remarks in context' throxigh 
revealing the prejudices of their- maker. 

10. Any model is an approximation of reeility. Models made or 'dealt 
with b^ technicians in an orgaiiisation like OSCD are almost always 
designed to reveal certain cliosen aspects of reality, and to promote 
understanding of, them* Depending on the kind and level of understanding' 
desired, ^ greater or lesser degree of approximation will* be used in 
design of, the model. Since models are costly \o make'' and to xzse, it is 
as wrong to be too elaborate and pre'cise as it is to be overly approxi- 
mate. In short, there exists an economics of models which relates their 
cQst and their usefulness; thovigh to my knowledge no one has yet dis- 
cussed or studied that economics in a serious "ifay. " ^ 

11. A corollary to, the approximateness of models is that they are 
essentially axbitrary in their design. One who makes models is free 
to do as he pleases, to design his model as he perceives its uses and 
*its cost. So models ^often cannot be compared directly in terms of one 
being "better" than another. Such a judgement depends on uses and 
^resources, and any evaliiation of models should take this into account. 
Much of any evaluation of a model mupt be of the circumstances of its 
use. In siJmmary, a, model is a tool, and like any tool' needs to be 
selected and used properly and carefully. 

12. The reajL value x>£i a, mode-l lies in fact in its approximateness and 
arbitrariness. It is through these qiialities that we are able to-'carry 
out investigations with models which we woUld never dare to imdertaJce 
with real systems. We can probe, experiments and even attempt outrageous 
things with the aid of a mofllfel,.to get an idea how thesQ actions would 
work -out in reality, withowb paying the penalty that would bften be* 
exacted in reality. A modefl., therefore, is a safe and fle:^ible gro\ind 
for experimentation, and therein is its principal usefulness* 

13. In^addition to the general qualifications set forth above, there * 
are a number of more specific qvialities desirable in a model such as 



SOM.' The selection of such qiialities is to a large extent a. matter -of 
^personal judgement; and so they are presented below without comment in 
''a list,' to which the reade^ may add or delete, depending on his own 
preferences. In addition, some of these qualities conflict with one 
another. 'In practice a model must be designed to provide suitable 
balance among them, depending on its intend/d use. Here is the list: 
ft ' ^ ' 

l) The model should be accessible to il"s users,^ preferably those 
' with some power to take decisions, and ^t should provide 
responses prompt enoxigh for their uje in,real-decisions» 

t 2) It 'should be flexibly endugh design^ to be applicable ta 



a variety of sittiations, and should 



be expressed ilL terma 



0/ a variety of operational dimensions. } 

3) It' -should be sufficiently faithful to the process it 
represents^ that needed conclusions can be safely drawn from 
it, and be clear enough in its own operation that its 
potentisuLs and limitations are rea^ily'perceived by its 
users. , * 

4) It should in some way *taka accouni' of the* non-q\zantif iable 
aspects' of the process it represents. 

5) It should porovide suitable links to related exogenous 
vafiable^s so^that it* can be examined in the light of 

theiiv variations. , ' ^ ' ' ^ 

6) Its design should strive for 'economy of operation, within ' 
the limits ^f other demanjis placed on it. 

7) it shotLl(? be of such a scale that ,the economy, 'flexibility, 
and accessibility mentioned above can be achieved*in a 
variety of instances of its use. 

The last point in the Above list reflepts a strong feeling on my 
part - that the'purposoa of educational planning will be well served 
if we move from large centralised models to smaller ones more frequently 
applied' over time and over a range of situations. 



i. A Look at the Technical Qualities of SOM 

14. With the above comments iri mind, let us review SOM in terms of 
its major features of structure and operation. SOM represents operation 
of the educational system in te s of four, kinds of components: students 
teachers, other inputs, and funds, all of which are divided into sub- 
Qjjtegories as appropriate. It deals with these components in terms of 
l^rojections of numbers of students, and of the need for teachers, 
supplied, facilities gmd funds, both operating and capital. In. dicing 
this, it makes some recognition of the need for satisfaction of con- 
straints on the system; and for balance among its parts. There is also 
provision to deal with stocks and depreciation of capital 'equipment , 
though just how and to what extent, this is done by SOM is not clear y 
from the Technical Report. 



15. The general areas I see as laclcing fijora the above hasty outline 

of SOM are: ^consideration of the efficiency of the system/ and how that 
efficiency affects both its own ojferation and its service to th^ publid; 
consideration af futuire commitments induced by present actions; fuller 
consideration of alternatives in ciirrix^ulum, staffing, enrolment and 
use of facilities. It is also not clear how the model generates and makes 
use of infarmation about changes in its structure and inputs^- 

16. The makers of SOH have pr<5duced a neutral, "what-if". model that 
can examine the opei^ation of an educational sy:.tem through both "forward 
running" and "backward runn^jg" modes. It can deal with considerable 
disaggregations of kinds of ^students - 'by sex, by grade level and by 
backgroxxnd, and , to a lesser extent with different kinds of teachers and 
facilities. All these featxires contribute favourably to its flexibility 
of operation, as does the provision for time-variable transition co-r 
efficients. The^ features also contribute to the model's ability to 
represent restlity faithfully; but they must be applied sparingly because 
of their .pontribution to the 'negative aspects of cost and complexity. 

17. SOH's operational ^qxialities will be examined further here by means 
of a list, of questions. These 'reflect my concerns both about the model 
itself, and with the way it 'is prese'nted in the Technical Report. TJiey - 
are thus meant not only as questions, but a^lso as bages for further 
discussion 6f this and similar models. 

1) What iias been *t he cost of cJpej^tion 'of SOM, as a function of 
the kind of system considered-, and of the number of the model's 

— ^ptiona 4hat were used? It would bp i^efestin^g to\ know- -these 
•costs in terms of time, skills, and money. Is it possible -to 
estimate costs of a run of the model before beginning? Vhat 
al)out capital 'costs of past development and of future improve- 
ments to the modjl? * ' 

2) Prom,4operational experience so far'r wha^is the relative 
importance of fhe several technical features of the .model, »• 

' for example, the restricted unit Calcvilation? 

3) Can SOM destl with the total stock of graduates, dropputs-and 
leavers from the educational system (i.e. 'with the total st'ock. 
of these persons available^ to contribute to the economic system)? 
If so, what provisions are made for measuring initial stock, and 
for its attrition through death, retirement, and migration? 

4) How are inventories and depreciation of physicsLl goods handled, 
apd what ^s fceen the expjerience in .gathering data for. this 
jjurpos^? ' - ^ ^ 

5) Can SOM 'take into account,* with regard to capital * investments, 
^ the^r acqulsiti'on time, the commitments they imply,- and the 

effect, of interest and discount rates? 

6) Has pfo«ision'been made .to coneider alternatives to purchase 

for example, rental, repair, oa expansion of existing facilities; 

or just making do? It is valoiable for a model such as SOM to 
t take into -aeeoUnt such yariati'ons, since they could play an 
* important role* in action decis-ions. ^ •* 
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7) Who has made use of SOM so far, aiid who ^re expected ^to be its ' 
futuTO clients, particularly in terms of the level of decision*- 
making responsibility of these users?. In all likelihood it is 
.still too eeLTly to* inswer this question, but it shoulfi be taken 
into account in thje future development and us^ of this model. 

Some of the items atiove ^go well beyond the present status of SOM, into 
issues of its further development and applicatioiJ, For that- reason they 
are inclxlded here as^ questions rather than, as items of evaluation. 

2. Some Further Technical Issues 

18. This evaluative commentary concludes with brief consideration of 
some more specific issues. The first^f these is the possibility of 
satisfying, deaoand for teachers, at least temporarily, by use of teachers 
with an "incorrect" ,ievel of qualification. This point seems to be covered 
by the ^'echnical Report,' but that is not made clear* Alternatives of 
teacher supply, like the alternatives to capital investment mentioned 
earlier, are important as stimulants to expansion of the number of kinds 
of alternatives considered by decision-makers. The more the model can 
suggest and reveal the impact of these alternatives, ti\e more useful * 
will it be to actual decisions. 

19. A second ^fechnical point regards the submodel for indirect resource 
requirements.j^The synthetic and constructive natxzre of this submodel is 
attractive as a tool for examining the effect of changes in the resource 
structure.~l^epr^0nt^ton-o!r"such a model By a^-^ree^ struct ure^ight 
further facilitate the understanding of such effects.^ 

20. Another issue here is the handling of the "restricted units" of 
the system. The attempt madd by SOM "to deal with this issue is valiant, 
but needs further scTrutiny, particiOarly with regard to marginal and 
underutilised restricted units. As the calculations stand, it looks as 
though some units might &e either, restricted or unrestricted depending 

on the sequence in which the calctilations are carried out. Also regarding 
the restricted units, i3 it indeed realistic to distribute places in 
them proportionately to the number of students in the several "k-groups*" 
that the model recognises"^ This .may be an attractive pblic^r from an 
egalitarian viewpoint, but I wonder how well it is carried out ir* 
practice. If, inequities '^xist on this score (and they surely do in some 
cases) the mx>del should tte made to identify them. 

21. Finely, the variable structure available tp describe the system 

in terms of its units, levels amd branches, is attractive from the view- 
point of the f le^birity it affords the model's iteer, as is the option 
to use or abandoVi the several s>ibmodel-s. ^ v 



Sue 
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h a model and its ap^f^ation jare described ^ "Marginal Costs for 
■g^al Decisiont The Case of -Team Teaching in Barbad|Ss", by Richard 
M. Burstine and Barclay K. Hudson, an unpublished draf\ prepared for 
^the International Institute foi^' Educational ^iannin^V^EP/RP/l-CS, ' 
' May, 1969» ' - 
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III^ THE USES OF MODELS OF THE EDUCATIONAL SYSTEM 

22* A^ model like SOM, if it is not appfied, is nothing tnore than a 
costly" intellectual and computational exercise. Likewise, if it is 
insuff p-ciently used,- or applied at the wrong '"decision-level, its value 
will be less than it might be* There are two" kinds of things that^might 
stand in the way of effective use of SOM or of any similar mod^l. These 
may 'be roughly classifi,ed as features of the model itself, and those of 
the environment in'which it functions* The most effective mode^ls, of 
course, are likely ta be those ip which there is ^'-"good fit "'.between 
these two se-ts of characteristics; 

23* The featiires that the model needs in order to be minimaliy equipped' 
for successful operation 'hav« already been* suggested in the evaluative 
cofcjnents earlier/ in this paper* If the model adequately meets the con- 
ditions listed there, it may gain. the accept^ce of operational people. 
Witnout tliat, it can have little role in the operation, control and 
future revision of the educational system it was designed to represent 
and to benefit. Further,^ the -complexity of the situations' the model 
representd,^ and of the results it produces, emphasises the importance , 
of clear ^splays of those results, and of the use of graphi^cal and 

pictorial fomJs of presentation.whenever possi*ble.' 
^ * 

24* .The other sid? of the story is the opportunities the environment 
offers the model for successful operation* This is a complex and 
^varis^blQ., ias:4^- It vi rv be r^vl fivfid below in terms^ of: "the availability 
and nature of data; administrative acceptance and use (or rather lack 
of it); and the cost of creating and operating the model* 

25. The British Case, Study presented by the Technical Report, illus- 
trates the extent of problems arising from shortage of statistical data. 
The ^shortcuts, estimates and' other compromises explained the;:9 vere 
necessary and appropriate; appi*oxiinate treatment being far. -better than 
none. But, if this sort of problem with data exists- in the United Kingdom, 
what form must it take in countries wher^ the educational system is less * 
well established? What are the minimal conditions on data if a model 
such as SOM is to be of value? ^hat can be done'to satisfy these minimal 
cS>^itions, and what will be the cost? 

26* It is also interesting in the British Case Study that 1966-67 was 
the, most recent feasible base year for the calculations. Further, the 
development of transition coefficients and units c6sts is very tricky 
in practice, and requires a high level of accountancy to avoid results 
that are deluding* The Technical Report mentions briefly the patching* 
together of ill-fitting categories of data. That is another intriguJLng 
tecimical issue* How does it work out in practice? ' * • 

27* The above are jny guesses as to the statistical issues. I shouid 
like to hear from the users of ^OM what problems they have in fact 
discovered in their experience with gathering' input data - its avail- 
ability, currency, accuracy*, and what kinds of surrogates it was possible 
to find in i^s absence. ' VHat attempt wafe made to estimate or borrow 
diff icult-to-Qbtain data from related* situations? 

28. All in all,, therefore, this application of an* altogether simple 
model> which SOM in fact is, illustrates well how compj^icated is the 



sitxiation which it xodels, even when limited to purely quantitative 
considerations. * 

29. The use of tnis kind of model by administrators is a topic on which 
I have' little experience or knowledge. Ky guess in general is- that it 
will be difficul't to get administrators to use it, for two reasons. 

'Firstly, they are likely to be suspicious of a tool they^.do not unaer- 
stand, especially when ix is meant to influence them in decisions which 

• tixey themsejlves must later defend. Secondly, xhey are likely to be too 
busy to use it fully. The first resxrietion might be overcome through- 
education-of administrators, though promotion of technical tools to a 
non-technical audience can be* a lengthy 30b. The second difficulty will 
likely always be wixh us, but might be relieved by better comEunication 
between technician and administrator. - - 

30. The problems witn regard to administration are well illustrated by 
the United States, where there are upwards of ten thousand "ministries 
of education", each doing its o-^ni planning witnin some very general 
constraints set by the state and federal governments. If models of the 
educational system are to be fully useful here, they mu:;t reach from 
the national ana state levels to these smaller decision-makirus units. 
This implies a need- for models that are simple, small 01 scale clearly 
'presented and easy to understand, and which off ?r inexpensive results. . 
The programzirig and computation might be done at' some central point, 

but the mpa,els need to be of a .<inJ that can bel used conveniently at 

the local level. Perhaps this is a problem pec'4|liar »to the United States, 

But I trhink its resolution might be usefH in other contexts as well. 

31* A final comment on application* relate^ to cost.'Kore needs to be 
known about the ejcpenditure of time, SKills and money neoded to create, 
test and .pux into opTeration a model like SDK. This again suggests the 
n-eed for models of moderate size, so th .t cost will be sufficiently 
Commensurate with usef ^ness that educational 'decision-makers will be 
encouraged to use these moiels. 30M t%kes a: step in thi3 direction, by 
allowing many of its -parts to be bypassed or^condensed. But surely much 
remains to be done 'in the direction* of economy • 



. 1. Some Possibilities for Application ^ 

* « . 

3?. Once the somewhat mechanical problems introduced above are resolved, 
uses .for models of the educational systj^m come readily to mind. Many of 
these uses are sviggested by the Technical Rei.ort, such as estimates and 
projections iof the need for, school places, teachers, supplies 'and equip- 
ment, and funds for operation and investment. A somewhat hopeful look 
ifito the future of, simulation -models su^ests they might also ^id our 
ove3?all understanding of the ediica[tional system, in terms of it? per- 
formance and its costs. If^ we could relate carriculua ana other measures 
*af instructional quality to transition coefficients (and to other 
measures of ^aw output), w& might be led to useful insights. Up to now 
it has not beeo possible .to comprehend at one time the full scope of 
th,e educational system - from classrom to curriculum to budget. These 
things are as ^ret very little Understood, despite all the attention that 
has recently been paid them. Simulation models alone are not going to 
p^ovide^ that understanding--. But they mi^ht be the experirauntai tool that 
will enable us to explore the problem. ^ 



IV* MORE SPECIFIC COMMENTS 



55 • The hopeful speculations of the previous pagea can only come to 
pass if, specific models are developed,, tested , applied and improved 
upon. That means a great^deal of detailed and painstaiking work, of which 
SOM is one example. It is thus appropriate to conclude with some cViti- - 
cal comments on the details of SOM itself* These wiH^be of two kinds; 
(i) relating to the Technical Report itself; and (ii)' relating to the 
model as it is reflected in the Technical Report, 
\ 

' 1, Critique of the Technical Report 

54* The report as a whole states its case clearly, though somewhat 
sketchily because of limitations of space. In parts, however, particu- 
larly in the appendices, it shows strong evidence of multiple authorship, 
so that the reader is forced to sidapt himsglf to changes in notation as 
he goes from appendix to appendix. 

55v The descriptive material of the -first pgtges, in attempting to be 
brief, is often also confusing. An ejcample is the description of struc- 
,t\ire of the modelled system (pp,g-ll), which could stirely be improved 
both in clarity and correctness. 

56. In parts, for example the bottom lines of page 54, there are 
inconsistencies that suggest the authors did^not put on paper precisely 
what they meant to say. I interpret these flawis as being in the presen- 
tation, not in the model, but it is not possible to be ^re of this. 

57. The flow charts would be more valuable if they were more detailed. 
Jt would -be helpful* to hava^three glossaries of terminology: (i) Fortran 
names; (ii) ^^^programme n^es with brief identifying descriptions; and 
(iii) names and brief des^^j^ig^tions of th§ available outprints. 

58. In discussion of investment coasts on page 105, more attention should 
'be paid to the cvimulative costs through time, since it is^these that will 
be meaningful for comparison among alternative investment programmes. 



2l Some Technical Points Relating .to the- SOM Model 

. a) On page 25 and elsewhere, "smoothness" is given as a criterion. 
How does one measure "smoothness"? Similarly, on page 52, how 
in line is "In line"? 
« 

^b) Page 59, are repeaters .in the reatriqted uMt included-in the 
^ demand for places in it? 

c) It *is unclear how the case of increased ^restricted unit 
capacity is in fact handled. 

d) Perhaps it is not important to the results, but the treatment 
of marginal restricted units troubles me. By this l*meali those 
\inits which are restricted only after overflow from other 
restricted units starts coming in to them. It would then* seem 
to matter in which order the. restricted units are considered.* 
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e) Vicinity of page 52, when dealing with investment in space ajad 
. large scale equipment for an individtial school, the induced 

cost may be so "lumpy" with respect, to the number of pupils 
' served that a linear relationship is not adequate, A related 
issue is utilization of existing space, and variations and 
limitations on room sizes. Has anything been done to allow for 
these annoying practicalities? 

f) Page 55, development of unit costs like CURSP in an effective 
and concise ipajnner can be a tricky business. 

g) Pages 96 and 102 (bottom paragraph in ^ach case), here is the 
"lumpiness" problem again, 'On page 102, for example,^ under- 
utilisatibn will indfeed diminish as the school- leaving age is 
raised; for a wHile. But a^ter* a point, *new teachers amd space 
will i>e needed'. This point needs to be identified and taken 

^ into account. 

h) Page 96, I have trouble understanding so large a discrepancy 
between observed and xjomputed teacher stock. 

i) Page 100, why da only the upper three forms undergo changes 
due to trends in the tr^sition coefficients? I should think 
they all would. 
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I. IWTRODUOTION 



^ 'Ther^ have been numerous attempts to produce highly ^exible 
educational models^ in ^terms of computer programmes. As ode suspects 
that many of these attempt's have been abortive, we mu&t^begin by con- 
gratulating the team responsible for .SOM on their ach;^veme&t. The pur- 
8ui,t of generality in educational models does not jpreaent very fdrmid- 
able theoretical problems but we know from experience that the task is 
arduous and exacting. 

The main virtue of SOM is that it consolidates/ and improves upon 
earlier work. Previously the, ground covered by SOIyhas been treated in 
stages rather than in one connected sequence • Five years ago, the 
emphasis wa^ heavily on models of th6 stocks and flows of students and 
teachers thro\igh the system. Since 'then it has b^ome the prac^tice to 
assess the cost implications, if not the full resource consequences, 
of (at Idast) those projections which were deemed to be of interest, " 
For a lofag time too, it has been the practice to a's^ess the implications 
for the^ demand and supply of teachers of any new projections -of student 
numbers. There should* be a gain in having these previously separate 
calculatioris connected up in the same computer run: ap^rt from the 
convenience of having the calculations done ^together, the link-up will 
encourage a broader view and discourage the former piecemeauL approach. 
The second njain feature of SOM which I find virtuous, is that it con- 
tains a treatment of bdttlehecks, (i.e, restricted units). A-f; one time 
there appeared to be a conspiracy either to. deny that bottlenecks 
existed or to ignore them because of the mathematical complications 
which they introduced. Although the treatment here can fairly be de- 
scribed! a€ rudimentary, it is another welcome step forward that bottle-, 
necks are confronted and x^ot avoide^i in' SOM. The third main virtue of 
SOM lies fn the facility with which alternatives can be examined, not 
only in separate computer runs but to some extent within the same cal- 
culations, 

II. POSSIBLE APPLICATIONS 

*• 

The breadth and generality of SOM, is such that it can and shoiald' ' 
be widely used in diverse contexts. The present* rate of change in most 
educational systems is so gireat that the exploration of possible deve- 
lopments could be phradfed in j innumerable models. This is certainly true* 
in Britain (or more precisely, England and Wales), as can readily be 
seen^by looking ^t just one sector,' secondary -education. Already the 
process of the reorganisation of secondary ^ucation is well advanced. 
Only 2 per cent of secondary schools were comprehensive in I960 whereas 
they now comprise 15 per cent and are still increasing rapidly. Thoxigh 
less visible, there is also much curriculum development and a tendency 
towards later specialisation which may be accelerated in two years time 
when the school leaving age is raised to 16, There is the more distant 
prospect of a reform of the examination system though the form of the 
new system has not yet been decided. The repercussions which could follow 
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from these and other envisaged developments raise a host of questions 
that could be^ explored in a vatiety of appropriate models. Given time, 
it would seem possible to devise an atl^s of possible applications of 
the SOM model in the British context, and,*no doubt, this is true of 
all the other Member countries of OECD, However, I' am confident enough 
of the usefulness of SOM to* feel that this is an xuuiecessary and rather 
academic task. Without the motivation of purpose, only illustrative sind 
superficisil models are likely to be devised (see Chapter 2 of- reference 
2): with motivation, it is not an e^sy task to devise models which the 
builder feels are 'meaningful* or satisfactory in terms of his purpose, 

1 propose only to develop one sub-model, partly for use in later 
cf'iticisms and the, discussion on future uses of models • 

This is a flpw sub-model whidd as in SOM could he linked to 
resource, teacher supply and teacher comparison sub-models. It is drawn 
from our recent work which has been concentrated on the secondary school 
system, that is the point at which students are free to leave the edu- 
cation system but some proceed to higher '^educat ion i 

Various .aspects of the flow sub-model are described in Figures 1, 

2 and 3* Some further comment is necessary. In the past our model de- 
scriptions have mainly been in terms of age, though progress through the 
system is 'not simply determined by age. From the e4ucational point of 
view, further progress is dependent upon the, level of achievement so 
far, .so' that ^ the 16-year-old who has taken his '0* level examination 
behaves differently from the l6-year-olgl who has not. Numbers of passes 
in the ordinary ('0') and in the advanced ('A') level examinations are 
necessary for entry to the sixth form and to higher education respectively. 
This is the basis of Figure 2 suid it will be noted that we ar^ no longer 

'concerned with age once the '0* level 'cohort* has been formed. Since 
there is much concern with the, "implications for the provision of faculty 
places in higher education and, later, for qxialified manpower, of such 
phenomena as 'swings' away from science in th^ .sixth *form, the third 
aspect of subject choice has been introduced as in Figure 2, The possi- 
bilities Of mor^ detailed sub-models along these lines are suggested by 
referenc-s ^ and 4. For some purposes, the greater detail int^^oduced 
into the secondary school sub-model would need to be matched by a* com- 
parable degree of detail in a tertiai*y education sub-model, e,g, in the 
form of university faculties, etc. 



III, WARNINGS < , > 

r' 

SOU ±§ a computer programme package ready for use by anyone who 
tsLkes the trouble to assimilkte ^ its specifications. Providing that the , 
model-builder does this properly, h^ will find that much of the solid ^ 
work needed to get a model running has been done for him. However, 'this 
does not mean thut his ta§k has been rendered simple and easy. Two of 
the' most difficult aspects of model construqtion are not stressed in 
the report. These are hot sa much criticisms of SOM as warnings to 
potential model-builders, An^yone'who has had a little experience of 
modeVbuilding will be aware of these difficulties and these warnings 
will be unnecessary, The^ are mpst important for anyone embarking, on 
model appiicatLons for the first time. 
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*^ Figure 31 ' - 
SUBJECT .VIEW OF THE FLOW SUB-MODEL 



SIXTH FORM ^ "A' LEVEL GROUPS 

•A* ' — Sciente with m^hematics 

Science 

coufses^^ \ ^ ^ ^Science without mathematics 

Science-cum-Socfal Studies 

A • ^.^^i^^^^ - # 5cience-cum-Arl 

Mixed 

^^^^l^ # Science-cum-Aft-cum-St)cial Studies 

Sociai Sciences 




f9 - 



— ^ '.Social Scterices-cum-Afts 

Nop -science 



Arts 

No 'A* level passes 
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The first of these problems concerns the structure of the model. 
The starting point of SOM is that yo\i have already decided on a des- 
cription of the educational system 'as a nximber of 'boxes' or 'units* 
. with interconnections. The problem of making this description, which 
precedes pressing the S0t4 button, is by no means trivial for structures 
do not remain fixed. At the present time in Britain, we are .beginning 
to get the appearance of sixth form colleges and, with the raising of 
the school leaving age, the Vay will be open to the evolution of junior 
and senior secondary schools or other forms of reorganisation* The 
situation is similar in tertiary education with a debate in progress 
on the changing functions of the universities, ,the polytechnics and 
other further education establishments and there is' talk of new hybrids 
such as 'polyversities* . In both ar^as there is the prospect of insti- 
tutional transformation which, clearly, should be allowed for in the 
construction of any model. It is a mistake, I think, to conceive of the 
model in terms of rigid structures where change is entirely produced by 
changing transition proportions between unchanging types of institutions* 
In so far as existing institutions disappear, as may be the case with 
secondary modern and maintained grammar schools, if the process of total 
comprehensivisation is carried out,- this may be achieved by making 
appropriate sets of transition proportions tend" to zero over time. If 
new structural forms are expected tb appear, the specification of the 
model must pre-state when tiiis will happen and provide values of any 
new transition proportions introduced into the system.^ As a time-step „ 
simulation model of some generality, SOM should ^e able to cope with 
structural change assuming the user has a sound conception of the nature 
of his model at the outset* - . 

The second warning concerns the values 'of the transition p2roportions.< 
The innocent procedure is to look at past values of the proportions and 
extrapolate them into the future. For example in tTie sub-model described 
above, the time series fo?\ the transitio'h proportion of 14-year-old boys 
staying on to age. 15 in grammar and technical schools has .-been: 

1964 - x965 196.6 1967 1968 ♦ 

0.948 ^ 0.955 0.936 0.896 0.928 

It is noi unusual to find disturbances in such series due to elementarj \ 
changes in r^^gulations or even the statistical classification, and though 
our feelings might^ be violated by the fluctuation and slightly downward , , 
trend* towards staying on, t^iis particular series would not appear to be ' \ 

too suspect. Although d'iaappointed by the absence^of a coherent pattern'^ 
in the past values, the determined empiricist migSt proceed by assuming- 
that the future value of this proportion should be set at some fixed . ' 
value between 0.9 and 0.95 or that from the 1968 base value^of 0*928 -it 
woiUd fall each year by, say, 0*01. In interpreting past data, ^howeveT, 
we need to be highly sensitive and to make use. of any other knowledge 
of the education system that we possess. Almost certainly this particular 
transition proportion has been depressed over time. because the 'statistics 
do not reveal the trsinsfers out of grammar and tech^iical schools due ^to 
comprehensive reorganisation. It is possible to make a crude /correction' 
by arguin^j that, when grammar schools are absorbed into comprehensive 
schemes, all the children in those schools, whatever their age, are 
affected. Since they are below school leav.ing age, the transition pro- 
* portions for 13-year-0lds staying on to age 14 in grammar and technical 
schools should be unity, whereas they have been: 

* • 

^ . ' ' ' . . - 120 - 
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126i 1262 1968 

. ' 0.990 0.990 0.969 .0.927 O.956 

By scaling these proportions up ta unity to get a correction factor for 
each year apd by using these factors on the other age groups, the 
' corrected' time series for Uhe 14-year-old boys staying on to age 15 * 
in grammar and technical schools becomes: 

' . * * 

iMi 1%5 • 1266 1262 ' , *1268 

0.958 0,964 0.966 0.967 6.971 

It may be that 'the smoothness of this corrected series is spurious, but 
it is definitely m6re appealing. Though i-t cannot be confirmed for want 
of precise information,' it would appear to provide a better basis for 
assuming future values of the proportiort. , ' * 

The point of tnis warning is that we do not always have th6 statis- 
tics that we would wish and that we have to make do with statistic^ 
which should not be trusted too much on their face value. Even where a 
relatively long time series 'is available, the statistics can be under- 
mined by ^disturbances in the system which may be difficult to detect. 
When they can be, detected, we ^ are often left with very short ''^r^alid' 
series. Assumptions about future values .of the transition proportions 
should not be made mecjianically but call for great vigilance and 
judgement. * • * - ^ 

IV. COMMENT AND CRITICISMS 

^ ' » ^ 

In this section I would like to make a few separate comments on 
*SOM. Furth-r criticisms, perhaps more significant, will *be implied by 
the 'discussion on the future use of educational models in the final 
Siection. ^ • - ' • 

i. The demand and supply of teachers ^ • ' , 

It would seem from the de'scription* that this part of the 
exercise bears considerable similarity with the teacher demand 
and supply calculations that have' been carried out in England and 
■Vales for a number of ye^rs(5) , (6) . The criticisms(7 ) , C6 ; , made - 
cf ^these calculations lare probably applicable in the case of SOM. 
I would particularly draw attention to the observation that the 
demand ^rcipr teachers is not measured in the economises §ense» 
//hat is measured is the supply needed on certain assumptions of 
staffing ratios and class si2>es. In Britain, pupil-teacher ratios 
were adopted Vnlch were intended to diminue the number of 'classes 
of over-40 in primary schools and over- 50 in secondary schools. 
In practice it has been found that additignal teachers have not 
always been usfed to reduce class size and recent exoerienc'e 'ha^ 
thrown doubt on... the practicability of equating any particular 
pupil-teacher r-itio with a particular limit of 'class* size * (6) . 



The teacher comparison sub-model strikes a simple balance 
between 'demand • .stnd supply, in more sophisticated applications, 
it may be neces^sary *to permit the changing state of teacher sup- * 
ply^ to have feedback effects on the transition proportions deter- • 
mining students progress 'and, in particular, their aspirations 
.to become teachers, * ^ 

» « ' * 

'If a fulj. manpower 'planning model(9) , (10) is required, it 
wilJL be necessary to up-date "teacher age distributions and this 
has not been donp in SOM. I wonder if it would be difficult ^o 
)adapj SOM for this*-purpose? 

2. Restricted entry in the flow sub-model 

It seems to me that assumption (a) (page 13) is too'severe 
and that it is a dangerous misconception to think that units 
cease to be restricted if the, supply sometimes exceeds the demand. 
It is surely not an acceptable assumption that there are pcJints 
in the system where we must be permanently reconciled to an excess 
of demand over supply. A 'proper, definition of .a restricted entry 
unit' seems to me to be any entry point at which the number of 
places is subject to constraints It may be that sometimes there 
will be -a shortage of piaces and that al other times places will 
be unfilled. Part of ^the measure of good planning will be the 
extent to which demand is ref«wtfeand the extent to which resources 
• are not util^.sed. *- . ^ . * ' 

Assu&ptions (d) and/te) (page-13) may also need to be relaxed. 
Cleanly they are primarily madfe for computationscl convenience, 
though, in both cases, it pould be argued that the assumptions 
were re^as'onable f^st approximations, it would appear desirable , 
'•that further develop'ments of SOM should: 

(i), take Account of the fact that rejected students may not 
be a representative sample of students from unit J and 
should not be redistributed in- proportion to the original 
transition coefficients to the remaining open units /(e.g. 
X students rejected for university places may show a grea4;er 
inclination to ^be repeaters, in the last year 'of secondary ' 
school); 



1/ 



(ii) permit discrimination between competing source units 
^ ^where there is a shortage of places. 



3. The application study / 

This exaipple serves its purpose in demonstrating the use of 
^ SOM* However it is worth making some critical comments wh^ch do 
not undeinnine its illustrative fxinction. 

As is stated in the- conclusions (page 31) the future school 
population may have. been overestimated by assuming that students 
'forced' to stay on behav'e like those who previb^isiy stayed on 
voluntarily, and und?restjjnat6d by assuming that those who stay 
bn voluntarily are subject only to present irends and do not have 
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fur.ther reaction 'in order to keep up their "educational 
'differential"'. Again we are. in a situation where the^ssumptions 
made are those which can most readily be accommodated oy tlie 

' model,, but are not necessarily satisfactory. It is possible to 
attempt compensating effects in both cases as we have done else- 
wherel2) (in another purely illustrative, example) For- example, 
the ^transition proportion for the ^forced' students* aged 16 not 
qta^ing on to 17 could lie (there being no peust evidence) any- 
where in thel range from ze*ro to the value of the comparable 
transition proportion for the vol\mtary ' students. We can, of 
course, assume a value which is some fraction, k (0< k<l) along* 
this range and it woiild be of considerable interest to Investigate 
how the decision on timing the raising of the school- leaving age * 
would be affecte'd by taking different values of k'# This approach, 
ho.wever, is also unlikely to be satisfactory because We do not 
Qxpect the decision tp st^ on to depend solely on age. This, was 

.one of the reasons for th.e* sub-model described in section 2 above, 
and a quite different treatment of raising the school-leaving age 

^ is possible in this case. The Bobbins Report pointed but that 
raising the school-leaving age to^l6 would meafti that all pupils 
>rould stay, at school until the year when 'OMevels are. noHially 
\ taken and that; 'The .extra effort required in order to obtain. a ^ 
useful qualification would thus be reduced. It i^ in any ^case 
likely that a raising of the school-leaving age will have a con- 
siderable upward effect on the *trend to stay on into the sixth 
fokti'Cll). In t^is model, we wQuld have* to decide ho\f the extra* 
year's schooling covild affect the size of the '0' level cohort 
and make provision for it 'to have an 'epidemic ' effect on the 
d^^ire to stay .on to th^ sixth form^^ It woiild be necessary to 
make assumptions about- the proportion who will now attempt '0'^ 
levels who would not previously have done so ;^ about the proportion 
of^these students .who are capable of reaching^ the standard required 

. jfdr' i^ixth form entry; and about the proportion of students who^ • 

. thotigh eligible for the sixth form,' would previously have decided 
tb leave school but now, in the changed circvunstances, behave 
differently. It seenjs to me that this formulation is more amenable 
to the theorie's of educationalists and teachers and more responsive 
to '.the thinking which lies behind the ra,i^in§ of the school-leaving 

f * Several changes -would have to be made for this example to be 
elevated to a practical case study. I do not think the study could 
be limited to the demand side and other parts of the educational • 
system would .have to' be included. 'The opinion (page 27) that the 
adaptation of further education is irrelevant to the tWng and ^ 
method of\ raising the school-^eaving age seefms to me to be \inrea- 
listic, l\ioubt whether cases B and C whi^h rai^e the schbol- 

. leaving age in steps over two or three years would be acceptable 
to educational administrators and such a view'^ight have to be 
acaepted as a diktat or constraint. I do not think that 'th^, 
incidence of the changing structure of secondary education' (page 
93). can be avoided. Accepting that the -schoolrleaving age is being 
raised as part of a transformation that is already taking place 
makes the problem miuch more difficult but there is nothing to be 

^galifled by pretending that only 6ne var'iable is changing at a ti±e 
as iTi" some classical experiment. For this example to be raised to 
sucb06sful practice, one further thing is necessary; an obiective 
or criterion. 
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Some interesting remarks are made (page 26) on the criterion of 
choice. A smooth development is thought desirable but 'smoothness' 
is not a sufficient criterion for speed of implementation is alsp 
involved, and, in the end, no precise criterion is- defined. As 
the conclusioi;Ls (pages 31-32) show, no ^amount of re.asonable 
* rhetoric can conceal the /impotence, induced by the want of an 
objective, * , ' 



This final g.ection is concerned with where do we go" from here? 

Apart ^om the difficulty of dealing with structviral change already 
mentioned, I believe that one of the outstanding problems is parameter 
r^3u?Jtibn. In making descriptions of any system, we are inclined to be 
profligate in the introduction af parameters. While models which have J 
few parameters because they grossly oversimplify the sys^tem'will only 
be of limited value, the fewer the parameters and variables the more 
penetrating any study of the possible behaviour of the system is likely 
to be. 

For example, in considering the raising of 'the school leaving age, ' 
a model might be constructed in which the transition proportions were 
age specific and-defined for each type of secondary school. If there ^ 
were five relevant age groups and five types of school, this would mean 
25 transition proportions with a'ssuiOiptions necessary -^in each* case. Apart 
from fact that there muot be some relativity bwilt into these assump- 
tions, it would seem to make educational sense to argue, that students 
who had not reached the standard suitable for sixth Jorm *eiltry had a 
general propensity to stay on which was amplified "(or dampened) by a 
factor specific to the type of school. It could also be argU^d that 
pupils who reached the sixth form entry standard could be expected to, 
behave similarly whatever their age and whatever type of school they/ 
attend; If the model could be s'et up in these terms^ »there would only 
be seven parameters of ^which two could be regarded as key. The reduction 
from 25 to seven parameters could grfeatly ^id the tractability of the 
m6del. It seems to i ^e t ha^t^a ruthless attack on redundant parameters 
would, pay-off if the contraction was made on the basis of a true under- 
standing of the nature of the educational process. 

We need to do more than m^e technical improvements. If^ educational 
model-building is to progress as I believe it must, we will have- to 
revise our outlook. \For example, the Technical Heport points out that 
SOM has the property of being 'forward' or 'backward' running. I fee^ 
that this claim is- a hangover from the days when model -builders were 
trying rather desperately to ingratiate themselves to manpower planners. 
In the early, crude, deterministic models, 'this- reversibility was simply 
aqhieved by matrix inversion on the assumption that* all transition pro-? 
portions and inputs could b^ pre-stated for the entire period of interest. 
In the case of more complex' models, it is also necessary to pre-state 
the number of places to be provided at every restricted entry unit, and. 
reversibility may no longer be possible. It seem^ to me that it 'is J 
^fatuous to calculate the pVe^ent displacement from the position^ compa-' 
tible with a particular pattern of provision and "given targets. With the - » 
present state ol^ the system known, it makes more s6nse to attempt to 
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determine a pattern of provision which reaches given targets. Further- ' 
more', even if models can be made to retain *the property of rev'ersibility, 
J doubt, whether we should proclaim it to attract would-be manpower 
fclahners:^ the days are past when we need- to stimulate sectarian approaches 

. In the same vein, I feel that we need to be a ILttle more honest 
with ourselves when we claim * computerised inodels make it* possible to 
examine many -alternatives and to test the ^^nsitivity of results to 
uncertainties in input data*^ and 'priorities in the statistical data 
collecting ^work can be established', Though^the first claim is true, 
it is rare that m'oxe than a few alternatives are examined and, in dis- 
playing alternatives to administrators, I have yet to see a report which 
•suggests that the uncertainty is feuch'that these alternatives are indis- 
tinguishable • Most of the mentions- of sensitivity .analysis in the 
literature are incantatiojis intended to ^xorcise the spectre of uncer- 
tainty. Again, it is true that formulating a, model ^helps ta cl^arify data 
.needs but must we always make it sound as if they will do this even if • 
they 'do nothing else? Knowing what information' is needed is, of course, 
of paramount importance: nonetheless I tliink it would do no harm to 
,play the information ^ain down foi: a whil^ and to*' regard it more^as a 
fringe benefit, .0. 

I am sure that the team who create^ SOM are aware of t^iese points 
and, in view of their just claim that 'it can be of re^l use' in a first ^ 
exploration of the consequences and implications of alterriatiye educa- 
tional strategies*' , that tiiey are aware of the nai,ve-te of the wliole 
conception of 'what-if ' ^ifiodels". Attempting to answer 'what will'happen 
if this?', 'what will happen if that?' (and a 'qualif ideation of thQ type 
'other things 'being equal^ should be added) is a steril^e exercise in > 
fantasy. The Hypothetical tone poses the existence neithe:^ of any pro*^, 
blems'nor of any objectives. 'What^if models are not so much 'neutral' 
as 'oblivious'. The most that can be claimed for them is that, the> have / 
insight value like toys for manaigement games. 

This is, of course, only another way of saying that we must search 
out the real problems and rigorously define them. There is a strong 
temptation to phrase problems in familiar terms similar to textbook 
examples and case studies .of practical applications in industrial and 
business situatiojis, even though a little reflect io^i will^reveal signifi- 
cant difrei'ences from the real educational system. However we are unlikely* 
to get very far by pretending that we haVe deterministic, linear systems 
with linear, or even quadratic, objectives when, in fact, we have a 
stochastic, non-linear system and a complex^ not to say confused, 
objective. Solving, imaginary problems is at, best a- hollow success: great 
care in defining tlie real problems^ is always worthwhile. 

Inevitably this leads to *the difficult, but vital question of tM 
objectives of thai gystem. We mx^t overcome our dismay that there is no 
clear, agreed, sin^e objective and reconcile ourselves to the fact that 
one is unlikely to gmel^ge. I think' that we must accept and attempt to 
live with^the pluraptity of objectives. An attempt to sketch how this 
might be done is set 'out in Figure 4 where, the objective is shown^, not » 
as a functiQn to be! optimised , but as a collection of performance ' * 
criteria to be examined. Manpower; private aiid sopial demand, investment ' 
and cost criteria have been discussed at &ome length in the literature, 
^e^i^jyc^ ad'ded fur<^r sets of criteria (or constraints) to cover politi- 
cal and administrative aspects and it may well be^ that w6 have overQ^oked 



*other important dimensions of the ^regulatory process. At present we 
wish to ado^t the open-minded position of wantin/^ to Represent all the 

•demands placed upon the educational system (whether they be economic, 
Social, political or educational) in the. box marked ^"objectives" in 
Figure 4. To begin with there' will only be* batteries of s^fatements 

jcmder each head. These could tafce, such forms as; 

manpower - desired numbers of doctors-,- teapheirs, acientists, 

technologists... required at different times, 
i.e. time-profiles for various foi^ms of. qualified 
manpower; * • * ^ ^ 

costs ' ^ - budgetary constraints, e.g. educat'ional expendx- 
* ture must 'not exceed x per^^cent of gross national 
product, ceiling's for alloca'tions on building 
< costs, teachers salaries, etc.; 

private and - desired percentages of the age cohort entering 
social demand higher education, graduating jgtc.j 

investment - ' rates of return for various 'forms of qualified 

manp'ower ; J * . 

political . - equality of opportunity for both sexes and all 
social classes; 

, < 

institutional - restrictions determined by the 'present forms of 

administration and the potential maximum^ capacity 
qf existing irtstituHons* , ' 

' ' ' \^ ' 

We do not- anticipate that any one of these aspects will be , 
reducible to an equation which can be maximised 6r» that ad^ditivity can 
.be established between different^ aspects. We ^uld stress also that not 
all the ,statempnta made will be quantitative and we wijl not, ignore 
qualitative, statements. For example, the power of the Uni^versities 
, firants Council and ',the Vice-Chanceij.ors Committee in. relatiorjs between 

^the Department of 'Education and the universities and the power of the • 
Local Education Authbritie^ between the D.E.S. and the schools may not 

'be measurable but it is nonetheless tangij^le. Again, in. the raising of 

;the school-leaving age example, ^e are told as a starting point in the 
SOM report that 'the reform has been found desirable' and this suggests 
a political statement of tlie kind that the leaving age must be raised 

,to 16 before year t.-Witl:iout such a statement, nbne of the other - 
criteria will necessarily enstrre that^ such an action is ever executed. 

It is envisaged that the mesh of statements would constitutes 
series of filters which could' lead to tHe rejection of a policy, or, / 
,if all the filters are passed, td the recognition of an acceptable | 
policy. Of course, it could "happen thaji no policy was found 'which 
satisfied all stactemeniB but this would be of gre^ interest and would 
indicate which criteria were the most important. \k might then be ^ 
possible to redefine statements more prjecisely oxi^, to put them into 
'hard' and '90ft' categories such as 'mjust not /be violated'., 'may be 
violated but not' desirable and possibly to arrange them into hier- 
archies according to their^ constrictive power. 
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In Figure 4, arrows have been omitted within the "objectives" box 
to avoid suggesting that criteria^can be placed in a priority oi^der; 
.we do not mean *to suggest that manpower criteria are foremost, that 
post criteria come' next with pplitical. criteria least important, 
(indeed it is not always obvioUs under which heading a criteria should • 
be placed). However, if any , discriminatory power oi statements can be 
established, this different kind of priority may allow us to search ' 
, throijgh ^a much increased numfeer of alternative strategies. We have 
. already 'ciojBffl^ted that, jilthougli many alternative'scan, • in principle, 
be scrutiniseoVsthe number actually ^exsmlned J^QidDIi^ severely limiied. 
If we want, to m^6 a full, or atjeast^a sul5^HHra|Hxpl oration of 
alternative' policies, then we will ^leed to d^HPr unsatisfactory alter- 
natives at .the earliest possible stage by applyiiig strong criteria at 
,th^ first convenient opportunity. This will ^require that the mo^el 
integrate's the abjective criteria and the 'projection mechanism rather 
than the present implied practice of completing the full projection 
bafrore submitting the policy to tests. This wilj lead us away from the 
SOM approach 'where the resource and ,teach^r supply models are 'essentially 
"supplementary • and will mean sacrificing the attractive prospect of 
regarding the sub-models as optional facilities, 

• , Finally it is hardly necessary to point out ,that this scheme 
possesses some of the features of a control system but lacks others. 
The soheme possesses a projection meqhanisnf which enables possible future 
-st§i^es of the system to be estimate^i, and a variety of possible actions 
are presumed in the "policy gene^tor". However the fact that the 
"cfbjectives" are not* resolved)' prevents the determination of a best 
course of action^ At ^this sta^e,'the scheme\ill only lead to the iden- 
tification of a number of "accepl^able" policies with no means of 
choosing between them. For the present the best that we can do is to 
display these alternatives to educational administrators and to learn 
froin their comments. It may bei that hidden, criteria will be revealed 
or that criteria already taken into account to some extent can be made 
more explicit and sharpened. Perhaps if we can persist with this 
learning procedure of 'refining criteria, we will eventually be able to 
build up what might be called a calculus of objectives. 
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INTRODUCTION 



(1) 



This report gives an evaluation of "SOM. A Simulation Optiori--*-- 
Model of the Educational System" (OECD, 1970), This evaluation id 
caarried out by* way of a comparison with a* Dutch educational model,^ 
which is partly based upon the concept of 'student flows. 



The first chapter gives a short 
form of the Dutch educational model, 
problems of model-building are dealt 
in Chapter II is likewise restricted 

Another, and more important, pro 
with the question of the possibilitie 
Chaptej: III is devoted to this aspect 
SOM and the Dutch educational model* 
suggestions for further developments 



fqrmal description in niathematical 
In this stage only technickl 
with. The comparison with SOM 
to a technical evaluation. 

blem of model-building is connected 
s aJid limitations pf a model. 

and 'contains a criticise^ of both 
This evaluation provides some ^ 
in mo^el-rbuilding. 



(1) I wish to thank R. Ruiter for his valuable and stimulating 
suggestions and comments* 
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!• A SHORT^ AND MEDIUM->TERM MODEL FOR 
' ' " THE DUTCH EDUCATIONA^L SYSTEM 

At the Dutch Central Planniilg Bweau forecasts in the field of 
education are made for inputs (teachers, expenditures), throughputs 
(students) and outputs (skilled manpower). Accordingly three groups 
of models can be distinguished: student models, resource models etnd 
manpower models. 

A further distinction can be made according to the time span' of 
the forecasts. iJetailed' forecasts are made for, the short-term, while ^ 
forecast 9' using more global methods are preferred for the long-term'^ 
The three submodels presented here can* in principle be used for any 
time span* The main purpose of the models^ however, is to produce 
forecasts for the short- and medium-term* jzhe complete model consists 
of the following equations: ' v / ^ 

(1.1) = R^.p^_i 

ft ,t -^t-l 't^ t ^ t t student flow model 

■» , * ■* • 

(1.5) = S^.Pt_i + U^.d^ 



IT 



(2.1) 1,^ = .<LPRt-Pt 

(2.2) =. Wl.l, _ . ■ 

(2.3) = ^t*^t resour.ce model 

(r> a\ ^ii^v yinv /T T N inv 

(2.4) = (1^ - 1^^^) + Qx^ , 

(2.5) X, = ■■ 
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(3.1) A. 



manpower supply model 



In the following a formal description is given for each ot the submodels, 
together with the definitions of the various variables and coefficients. 
The way in which forecasts come about is described in Chapter III. 

1.1 The student flow model 

The model has been built on the basis of the education matrix 
(or student flow table) which gives a systematic survey, by type 
of school and grade, of student stocks and of all inflows, through- 
flows and outflows of students in the educational system. 

Statistical *inf ormation on student flows is collecte4 by thQ 
Dutch Central Bureau of Statistics(X) . Eor some importsint flows 
(e.g. to university education) statistical serieis have ^tieen pu- 
blished since 1950. Education matrices,* containing flows by type 
of school (but not by grade) are available from 1961 on. Beginning 

1967 the student flows are specified by grade for nearly all 
types of schools, for the first six years estimates have been made 
of various flows by grade so that time series of flow coefficients 
. are coming into existence. r ^ i 

In the education matrix and the model the two sexes are 
treated separately. Por every year of the forecasting period all 
elements yf the Education matrix are calculated sind added up to 
student stocks. Further the model estimates the nvimbers of school 
leavers by educational level, which are an input for the manpower 
I supply model. » ^ * 

The basic equation of the model is ertremely simple (2): 



T= a vector of student stocks by type of school 
atnd grade (1 . . j ) 

= '"j^ matrix of transition coefficients (j x j), 
r^resenting repetition, transfer from other 



\ (l.l')p^- 
in which: p 

% 0 



e e.g. "Overgangen binnen het onderwijs en intrede in/de 
mfiatschappij, 1936, 1956 en 1961-1966^, Centraal Bureau' vopr 
de Statistiek, The Hague, 1967, and modem system of 
educational statistics: the matrix-method", J. de Bruyn, 
The Hague, 1969. . ' ^ 

(2) Por the sake of convenience the matrices presented here are 
the transposed form of the original education matrix. 
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grades of the saiae type of school and transfer 
from other types of scbool 

c = a vector of age cohorts, tjo which new -entrants 
can belonfe (l h) ' 

E = a matrix of entrance coefficTents (3 x h)* 



The first term stands- for the flows within the educational system 
Each student stock by type of 'school and grade ,in the preceding 
year (,t - l) is multiplied by the corresponding .transition co- 
efficients in order to calculate the inflow into eap'h grade in 
year t. -To this is' added the numbers of new entrants into the 
educational system (including immigration, restarting- of studies, 
etc..) which for every grade are calculated a's -a fraction of one 
or more age-cohortB. 

A second 'group of results the model produces is. the numbers 
of school leavers to educational level who finish their -education 
and may join, the labour force:* ♦ • 



(1.2') n^ 



^fPt-1 



in which: n 
S 



a vector of school leavers by educational 
level (1 • • g) 

a matrix of leaving coefficiei;its, translating 
output per grade into output per educational 
lerel (g x 3) 



Finally, th^' outflow resulting from death and emigration is 



calculated by: 
(1*3') 



^•Pt-1 



in which: = a vector of students died or emigrated between 

t-1 and^t, by grade (l j) 

V » = a diaigonal inatrix with- death and emigration 
coefficients by grade (j x j) 

*This last equation has the funption of a check upon the 
consistency of the model, beca\ise now all possible flows from 
p. T , the old student stock, have been summed up« Consequently 

the total of auLl flow coefficients froih a certain gra4e i should 
equal unity (see equation 1*5)^ ' 
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Graduation 

< . * • 

Transfer from one type of school to another jus generally ^ 
speaking only possible wheA a diploma of the lower type of school 
has been obtained. Accordingly there are substant;Lal differences ♦ 
in the outflow patterns and the changes in it over time for 
students with or without diploma^ Moreover within one type of 
school more than one type of diploma can 'be obtained with diver- 
ging flow patterns, ^ 

Ih order to take all this into account the model can be 
rewritten as follows: " - " * 

(1.1) d, . = H^.Pt^i'". - • • , ; ' 

(1.2) = Ot'Pt-l ^ '^t-'^t ^ ^-^t • 
(li3) = S^.p^_^ + U^.d^ 

(l.i) .= V^.p^_^ , / ' . , 



in which: d = a vector with the numbers of dij^lomas obtained . 
(1 k)* 

R = a matrix of graduation coefficients, showing the 

fraction of -students per grade obtaining a diploma 

(k X j) ^" 

Q = ■ a matrix of transfer coefficients to grad^-i'per 
diploma (j x"kj 

* * ' U = a matrix of leaving coefficients ner (jliploma by 
educational leyel Tg x k) 

In graph 1 a schematic presentation is given of the matrices 
appearing in the above model. The dimensions have been taken from 
the application of the model. to the^whole educational system, in 
which we distinguish 38 different types of schools with altogether 
163 grades (j = 163) and 41* kinds of diplomas (k = 4lO# In equation 
2 tlie age cohorts are shown (h = 20) and in equation 3 the output 
is specified by educational level (g = 25). Prom the diagram* it 
will become clear that a very detailed specif ication, of grades 
and flows is obtainable withi^n this system. 

In the model only the inflows into the categories ^^fV^f^^t 
and 2^ are described. An essential aspect however is that all 
outflows from p^^^.and from d^ are taken into account* Therefore, 
for every grade i reap* for every diploma f the following equality 
should hold: 



\ 
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(transfer) + -(graduation) + (leaving) ^ -t, (death) 

(1.5) (o^^ + • • 0^^) + (r^^ + • . r^j^) + (s^^ + • . s^^) ='1 

, (transfer) , + (leaving) 

(1.6) (q^^ + • • q^^') + (u^^ + • . u^^) = 1 

^ 6ther words, looking at graph 1, the four columns contain- 
ing outflow coefficients from grade i^ namely in-matrices R,0,S 
and V, should -add up .to \inity* The same applies xa the two columns 
containing outflow coefficients from diploma f , namely in matrices 
Q and 0. .With .this a complete description is ^iven of the^ model 
when con^4ant coefficients are used. ^ ■ * 

Chapping coefficient's 

* ] ' \ 

Most of the coefficients however show a certain development 

in time. 'This phenomenon should be taken into accounj ^when fore- 
casts or simulation exercises are madfe. The mopfe;"simpfe hypot'Hesis 
is that of a linear development. In that case for every coefficient 
matrix the following calculation is made: • 

' . ^ Ot = °t-i + ' • ■ 

Instead of 'constructing 'every year^ a new matrix 0., only 
two matrices have to be estimated, namely one for the base year * 
and one - constant - matrix with yearly changes in coefficients, 
m the same way the matrices^E^, Q^, R^, S^* and are 
calculated year by year. 

The advantage of this procedure is that the condition, 
stipulated in equations (1.5) and (1.6) can very Neasily be ful- 
filled. For t^s it^is sufficient that the total of thQ corres- 
ponding changes in the coefficients equals zero. 

In this way justice' is explicitly done to the necessity that 
a change in one coefficient suLways implies a corresponding change 
in one or more other coefficients. 

The changes in coefficients (do^ etc.) need not necessarily 

constant in time. ^ Apart from thlTa linear development of 
coefficients other time paths can be built in, such as an 
exponential development or an expected irregular variation of 
coefficients in time. Further, an upper or lower boundary can be 
indicated. Tjiese complications do not affect the essential 
^features of the model. 
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The resoixrce model - ' . , * . *• . 

• ^ ^ ws^ 

Although the resoixrc^ mode! presented h^erecs^uBed for fore- 
casting educational expenditures on the short- and midrdle-term, » 
the degree of specification is rather crude • The underlying reason 
\is the paucity of statistical material. StatisticeO. information 
per type of school is only given with a breakdown to: 

- personnel expenditures,. " . / 

other current V'mfiterial'^^^penditures, and 

* -X capital exp^enditxires. , ^ ^ ^ , 

Therefore \he models has bedn kep^ as simj>le as possible, 
using at the samV time the maxlmxun quantity of atrallable statis- 
tical information^ 

(2a) 1^ = ^t-^t 



(2.2) 



1 



(2.3). X? 



um 



(2^4) x^J^ = 



(2.5) X, 



xj + X 



inv 



in which: 1 = a vector "^of teachers » including auxiliary 
' • personnel f by t3rpe of school, expressed in 

full-tiuid equivalents (1 . . j) 

LPR = a diagonal matrix with teacher-pupil ratios per ' 
type of school (j x j) 

1 m inv * * ^ 

X ,x ,x ,x + vectors of . expenditures for education^; resp* * 

personnel, material, capital and total. expenditures ^ 

by type of school (1 . . j) 

= matrices of dnit costs, per type of school (j x j) 

ihv • " * 

ex = a vector of ^ exogeneously determined (repiacemeait ) 

investments by type of "school* (l • . j) 
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^ Personnel expenditures 

Starting point of the model \^ the estimate of student ntun- 
bers made by the student flow model, which are added up for the ^ 
two sexes and- the grades to total numbers per* type of school. 
The coefficient, LPR is the reciproke of the expected, mean pupil- 
teacher ra'bio which depends on three factors: class size, the 
ntimber of teaching ,hours per claps and the num^ber of \forking hours 
per full-time teacher devoted to pure teaching. Ideally the model 
would treat these' factors more explicitly as at the background of 
each lie a host of other variables. Jn as far as information on 
these factors is available it is used here as random information 
for ,.an exogeneous estimate of IPR and the trend in this coefficient, 

^ It should be noted tha.t LPR represents , the expected ratio, 
which ifieans that i.a. class size can be sub-optimal when a short- 
age. of teachers is expected. This can be concluded from a com- 
'parison between supply of and demand for skilled ^manpower. 

% » 
The number of teacherp, If are not specified by the teachers' 
educational backgroxind, though salaries are dependent on this 
factor too. If sufficient reliable information woxild be available, 
it would be possible to fill in this information in eqxiations (2.1) 
and (2.2)v. Then 1, LPR, €ind Wl would become matric?es of t|ie order 
^ (g X j) , 'specifying both ^educational level and type of schoo^* 

Other current ..expenditures , - 

Under this heading come so-called material expenditures, 
representing .inputs frota other sectors of .the economy, other than 
investments, such as normal upkeep of buildings; equipment and v 
furnitujre; gas, electricity and water; cleaning; administration; 
libraries; etc. Here a simple relation with the n\imlJ^rs of students 
is used whe?§ WPi presents unit costs per student. 

Capital expenditures * ' ' ' , . ^ 

Investments in educational buildings are divided into two 
groups i ^ • * 7 . 

V ' • * 

expansion in order to create places for the growing 
numbers of students and to make possible the execution 
of policy Measures which require additional school 
capacity (i.^. a lowering of the pupil-teaCher ratio); 

. b. replacement of obsolete capacity, including the 4Jiiprove- 
^ • ment of the* quality ^of existing schools. 

An additional category is^ regional replacement in ' - 
connection with the drift of families from the old towns 
to the new suburbs. This means* that idle capacity arises 
in the old^towns. so that total capacity is ?u>t expanded. 
In equation (2.4) (1^ - "^t^-l^ gives an approximation for 

the first category, while replacement is determined 
\ • exogenebusly; W^'^'^ stands for capital fexpenditures per 
^additional teacher. 



V 
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Education can be , considered to .produce various types of 
benefits. From an economic point of^view the* output of the , edu- 
cational sysjbem consists of the training individvials have under- 
gone and which they can utilize i'n their professional life. 

In the student flow model the output nt was estimated for 
both sexes by educational level. *The entry into the labour force 
aiid the resulting total stock of trained manpower is calc\ilated 
xor male and female separately, as follows: (l) ^ ^ 

(3.1) = V(.\_^ . CJ.N^ ^ ' 

(3.2) B. = F..A. 

in which; A = a matrix wil^ numbers of educated individuals 

by age- (l . . h) andr-educatioi^ level (l , . g) 

f V* = -a sub-diagonal matrix ^f su^^vival rates Xh x h).. 

N = a diagonal matrix of school- leavers (g x g-) 

y ' = a matrix containtng' the age distribution ' 

(l . * h) of schaol, leavers by educational 
level ^{h X g) 

I = a matrix of net Immigration by age and educa** 
• ^ 'tional level (h x g) 

^ B = a matrix of the labour force bjr age and educa- 
tional' level (h x g) , 

F = a diagonal matrix of pserticipktion rates by 
age (h X h). . ' * 

The first term^of equation (3.1) 'calculates what numl^eVs of 
last years stoclc gf educated will survive and <>fill be available 
this year. Differences in^survival rates between educational 
levels seem to be negligible^so that the mathematically more 
attractive approach, of one set of survival rates is not too i 
unrealistic. In making this ^calculati^ it is at the same time 
taken intb account that everybody is goiiJg to belong 'to the next 
higher age group. This is done by the special way in -which matrix 
V* is builft up: except, f or , the -sub-diagonal, containing the 
coefficients '^2,1''^3,2' * ' ^h h-l' ^^"^ elements ^re zero.^ 
In a schematic form th^ procedure runs as follows: 



(l) In practice the effects of ^pai't-time education are 'included 
, by an extension of ecjtaal^ion (^3«l). ' 

I ' '■ 
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p 0 0 0 

v| 0 0 b 

X) 0 0 

0 0 V • 0 



^11 ^12- 

22 ^23 
AAA 

31 32 -^33 
^hl \2 ^h' 



3j 



A A A ' 
*21 *22 ^23 

^51 ^32 'h3 

/hi \2 ^13. 



The oldest age group (Ahi^ - Am passes the age-limit and> 
disapjTfeara after mult ipliiiat ion with zeros* The yomigest age 
group (All - A15) becomes ^he next-youDgest arid is filled in on 
the second row. The first r^w will ,be filled by part of the n^- 
comers (n)# v 

In the second term this output of the educational system is 
given an age distribution, by educational level after which it is 
added ♦to the existing stock* ^ 

'Lastly net immigration is treated as an exogeneous vtiriable 
which is supposed to be known by' age and ed\icational level. This 
approach is preferred to a direct relation with the existing 
stock for various reasons* The most important reason is that in 
the Netherlands immigration of manpower with a relatively low 
educational level is an instrument of manpower p61icy* 

In a complete forecasting model net immigration could at 
least partly be made endogeneous, namely by relating^ it to the 
outcome of a comparison between supply ajad demand by' educational 
level* 

The coefficients in matrices V* aiid are supposed to vary 
over time. Changes of these coefficients will, however, be ^ 
extremely small, so that this problem only exists in longer term« 
forecasts. . ^ ' \ 

. Equation (3,2) is an extension of the manpower supply equation 
appearing in the genez*al model of the Central planning Bureau. 
In this .presentation the same participation rates are indicated 
for each educational level. In fact, however, especially for women, ^ 
these rates are highest for the highest educational levels. In 
practice therefore matrix F is constructed with participation 
rates by age and educational lev^l (h x g) and matrices' F and A 
are multiplied element by element. It will be clear that the 
total Steele B per age group should correspond with the outcome 
of tlie general economic model. 



Technical aspects of the model • ** • , 

A final remark can.be mstde about the manner in which the 
computations are organised.^ It will be clear that an application 
of the model, and especially of the student flow model with its 
large numbers of coefficients would nearly be impossiblj!^ without 
^he aid, of a computer. 'Even when a computer is available probLams 
may arise from limited memory capacity if one wishes to distinguish 
tod many types of schools and grades* 
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The computer currently used fox this model is a Philips 
Electrologica X-^/ with a maximum capacity of 17,500 n\imbers. 
Thus it was not p^ossible to programme a direct matrix multipli- ' 
cation as indicated in equation (1*2) w.ith an (O) matrix of 
263 X 163 elements. Of these nearly 27,000 elements only about _ 
1,000 are non-zero. Therefore the . solution had to be sought in ^" 
an efficient use of the large n\imber of zelb elements. In the 
computer programme a "boolean" matrix is read in for each of the - 
matrices of the modnel^'^indicatiAg on what places of the original 
matrix non-zero elements appear(l). 

By this procediire only a minimal use is made of computer 
memory space. A 163 x 163 matrix; with 1,000 non-zero elements 
needs the memory space of only" 1,500 number^ (1,000 coefficients 
pi^s 500 numbers for the boolean matrix). 

In this way computer capacity 'is no real bottleneck 'for the 
application of a student flow model, however detailed one may 
wish to make it. \ 



II. A COMPARISON OF SOM WITH THg DUTCH EDUCATIONAL MODEL 

, The following paragraphs are more specifically devoted to 
the OECD technical report "SOM A Sinjula-tion Model of the 
Educational System^'. This is mainly done by comparing the sub- 
models of SOM^with those of the Butch model. Further some, 
remarks will be made about specific attributes of S0^^. 

4 

2^1 The flow submodel 

In line with the Dutch model the flow submodel could be ~ 
reduced to pne equation, namely: ; 



(4.1) 



Pt^ 



= 0. 



Pt-1 ^ . 



In SDM this simple piece of arithmetic is complicated in 
various ways: 

i 

a. First the educational system has been broken down to 

5 levels. Vithln a level there may be a flow from each 
unit to any of the other units. Further if there is a 
flow from any tmit to a unit in a higher level, this 
unit is repeated when calculations for the higher level 
are made. This complication is not made for theoretical - 
or efficiency reafjons, but on technical grounds only. 

b. The sam^ applies to the maximum set to the number of 
units within one level* For the Dutch educational matrix 
with its 163 grades, a maximum -of 5 levels with 40 units 



(1) This idea originates from and has been, worked oujb^by 

A. A. van dep Giessen, mathematician at the Central Planning 
Bureau. 
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\each would mean much pinch and scrape to press it into 
this framework. 

^ . 

c% ' The number of students within one level must not exceed 
20,000. In a small coxintry like the Netherlands, in more 
* than 20 out qf 163 grades this number is surpassed, which 
• . means that many coefficients have to be raised or reduced 
Y/f^ by a factor lO or 100. Thus the very useful consistency i 

i check of equa'tion (1.5) can hardly be applied here. 



These remarks do ^not contain any criticism of the programming 
j^jSrork done for SOM, because much inventiveness is shown. 

iP g^^^XBlf however, limited bomputer memory space cannot be 
^a justificatron for restrictions to the application of *a model. 
In the firBt place ;iiore elegant solutions are possible. An example* 
has lieen given in paragraph 1.4 where it was shown that by using a 
boolean matrix nearly all memory space need-ed for zero elements 
can^be saved.. In the second place it is no longer necessary nowa- 
day to woi^k with too small computers. In this connection it may 
; be mentioned that the (Dutch) Central Pl^iming Bureau is going to 
Inake use of a giant Univac computer, situated in London, with which 
it is coxinected by a terminal. Keeping this te9hnical possibility 
in mind it seems rlRher absurd that for the application of SOM 
to the Onited Kingdom a 11 mi te^^ capacity computer was uSed. 

Turning to the model itself,^ a main difference is that gradu- 
atioh is not explicitly deeuLt wit'h. There are, however essential 
differences in the 'flow patterns of graduated and non-graduated-n 
students. When coefficients are kept constant in .time the two 
approaches are the same. With changing coefficients, however, pro- 
blem3 may arise. from diverging developments of the two categories. 
Therefore preference should be given to the splitting-up of 
\ equation (1.1') into the two equations (l.l) and (1.2) as pre- 
sented in paragraph 1.1. / \ 

A furtheA differenpe with the Dutch model is the. way in which 
school leavers^ re define^. In SOM eveiybody leaving the edu- 
cational, system is sput together under this heading. No distinction 
is D;ade between those who finish their education an.d can be ex- 
pected to join the labour *force (n) on the one hand, and deaths 
and emigration (z) on the -other hand. Thus: ' 

In this way a direct link with, a manpower supply model is hard to 
make, as first the component parts n and z have to be separated. 
Iri^fact, in the teacher supply submodel part of the 'stxxdent flow 
suhmodel'h£Ui to be repeated in order to find the output (n). 

. * One, of the good features of SOM, is the inclusion of 

resiricted entry . This possibility is not dealt with in the Dutch 
model, as it is not an acute problem in the Netherlands. (In any 
case entiy is not openly restricted). Still some remarks could be 



made on the assumptions d) and e) on page 39., Proportionality of 
redistribution of those not admitted (d) and proportionality of 
admittance (e) are not very realistic assumptions, which make the 
model less general than desirable,' 



The resource submodel 

The resource submodel has been constructed in order to pro- 
duce forecasts of cost implications of educational develoj?mentr 
Thi-s goal can bef considered a rather narrow one in comparison 
with that of the Dutch model, with which forecasts of expenditures 
are made. In every country budgetary (and manpower) constraJLntB 
are responsible for the existence of a gap between what is desir- 
alxl,e (requirements) and what is attainable (expenditures). There- 
fore an expenditure forecast has' more realistic value- than a 
resource requirements forecast, which does not indigate what will 
really happen. 

For example at first sight it is not clear why current costs 
for teachers are- determined in the model by the numbers of teachers 
needed; and. not by the nxzmbers of teachers calculated in the teache 
comparison submodel. This is, however, acceptable in a resoiirce 
requirements model, though one may wonder what the salary costs 
are of teachers who are not available. 

In the following some critical remairks will be made bn the 
submodel given the existing goal. Suggestions for the extension ^ 
of the model into an -expenditure model will be^ given in. Chapter 

X 11 . ^ - ^ 

In general the model gives'a good description of the factors 
'that determine th? need for resources in education. The distinction 
made between direct And indirect requirements is theoretically 
soimd, but not too useful in practice, because the distinction 
will always be vague. - • 

Another question concerns investment requirements. No mention 
is made of replacement investments, so it is* not clear how this 
category is calculated in the model.' ^ 

A large amount of statistical information is needed to pro- 
duce resource requirements forecasts as described in the model. 
It is an advantage of the model that more* simple appi*oaches are 
made possible t6o> so th^t the model even can be used in cases 
where statistical information is scarce. 



The tefiWfcber supply submodel 

Poi' an evaluation of the teacher* supply submodel gt comparison 
cQuld be made with the Dutch manpower supply model, which can be 
used for estimating* teacher supply also. 

A first remark pan be made on the calculation of the i'nflow 
of new gradtiates. In paragraph 2.1 it was pointed out that the 
treatment of school leavers in SOM id too crude, so that part 
of the student flo^ model has to be repeated here. 
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Another important difference bel;ween the two models is *that 
in SOM only marginal chan/?:es in the teacher stock are estimated. 
This approach has some disadvantages in comparison with the inte- 
gral approach of t.he Dutch model, where the total stock of poten- 
tial teachers - ;'A" - is the basic element of Jrhe estimates. In 
the marginal approach of SOK it will especially be difficult 
to make an'^ssessment of the inflow from and the outflow to other 
occupations and the non-active ^population. The outflow could 
possibly be estimated in relation wixh the existing stock of 
professional teachers, but estimates of the inflow can only be 
made on the basis of information on the reserve-stock, consisting^ 
of people with the required training currently working in other 
occupations and of non-active teachers (mostly women). For the 
last category it is essential to have information on the age- 
distribution as participation rates vary strongly between age- 
groups. 

A yearly assessment of the total stock of potential teachers 
would further open the possibility to introiuce nore alternatives 
on the supply si^e in the Teacher Comparison Submodel, 

. A more specific remark could be made on the sense of isolated 
variations in tne " rate of choice " for new graduates. If these 
variations are supposed to be induced by global policy measures 
one should expect corresponding variations in the flow:- to or 
from other occupations and the reserverfctock* An isolated variation 
in the rate of choice can thus only follow from specific, graduate- 
oriented measures. ' * ? 

\ 

M 

The teacher coir.parisos submodel 

This model has been desi^ened to produce conditional forecasts 
of balancing procedures. In fact, however, only one combination 
of variations can be produced ^ ^ he' model, namely with class size ^ 
as a general badancini;; measure iSfd weekly hours of teaching plu^ 
supply of new graduates as specific measures* Thus the model is 
far less genersd 'than the other submodels: other - and probably 
more realistic - balancing measures cannot be simulated with the ^ 
moiel. The model can theref ore only* be valued as a starting-point 
for a field in which still -'much work has to be done. 



general aspects of SOK 

The most striKing aspect of the publi5^tion on SOM is the 
large amount of attention given to caicuiAi;icn procedures. The 
impression is given that the organisation of calculations is a 
more important aspect of educational forecastin/t than the problem of 
how to make estimates of parameter values. Moreover the calculation 
procedures are unnecessarily coiiplicated. 

It is possible that this technical bias is responsible for 
the weak points in the m6del which can be summarised by saying 
that the assumptions are too specific for a generally applicable 
model and that too much is forecast outside the model, ideally a 
model like SOK which is designed for general use Should contain 
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all statistically significant relationships existing within the 
educational system and between the educational system and society. 
For every relationship or group of relationships it should then 
indicate possible short-cuts which can be used in cases where 
the required detailed information is not available. The Resource 
Requirements Submodel goes somewhat into this direction. In fact, 
the Dutch educational model which has been" designed for one speci- 
fic country, is more general than SOM. 

The secona remark refers to- the problem of what part of the 
forecasting job is included in the model aftd what part is treated 
exogeneously. Both SOM and the Dutch educational model leavS 
all parameter estimation outside their scope. The problems arising 
from tnis division of work between a calculation model and outside 
estimation will t>e discussed •in Chapter III, . ' 

In the introduction to S^A a general discusaion is pre- 
sented on the model concept and the role af mathematical" models, 
(In passing it may be observed that a presentation of the model 
in mathematical form would have made readinr easier).* It is stated 
that in a model "the choice of characteristics taken into account, 
as well as the degree of accuracy aimed at defend pn the types of 
^problems for which the model has been designed.** In other words: 
a tneoretical conception has to underlie a model. This general rule 
has, however, hardly been applied to SOM*. For example, a" justi- 
fication for Uhe choice of a calculation model and' for the use 
of a flow model is hardly given. 

Further, on page 3 .of the publication it is stated that SOM 
is meant as a tool for conditional predictions of the development 
of the educational system. In this connec-tion two questions can 
be raised: 

a, fthat is the use 'of condition^ forecasts? 

b. Any has SOK been designed to produce conditional 
forecasts? 

Neither of these two questions have been answered in the 
publication. 
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III> A CRITICAL EVALUATION OF BOTH MODELS 



Forecasting- and simulation models 

The distinction often made between pure forecasting models ^ 
and simulation models is interesting from an analytic point of 
view, but in practice it can easily become a source of misunder- 
standing. Simulation is expected to give an answer to the question 
"what-if"? In order to compare the outcome of a simulation (the 
"what") and to judge the variant which is simulated (the "if"),- 
an' estimate of the most probable situation has to be made before- 
hand. For example when a future lowering of the pupil-teacher 
ratio is simulated, the most probable number of pupils has to be 
known before the outcome of the simulation can be eval\iated. More- 
over a forecast of expected total educational expenditures is 
needed in order to know whether there is a point in thinking of 
lowering the pupil-teacher ratio. 

As stated before, the parameters of both SOM and the Dutch 
model have to be .estimated exBgeneously . This means that the model 
by itself cannot produce realistic forecasts, i.e. forecasts which 
have any reasonable probability of being fulfilled. Special atten- 
tion should therefore be given to the estixaation of coefficients. 

Apart from the need for a realistic forecast as a basis *for 
simulation exercises two additional requirements should be made. 
The first one pertains to the magnitude of variation. Here, an 
insight is needed beforehand of the boundaries between which the 
simulated assumption or estimate may lie. Otherwise simulation 
may become a useless game that can only create misunderstanding 
^by those who have to work with the results (i.e. educational 
policy-^makers. * Here again additional analysis and estimation is 
needed outside th^ model. 

Lastly, a simulation has to be consistent. If no prAor 
analysis of the interdepe^dencies with other elements o?^he 
system has taken place, simulation gives wrong answers. For 
example, if in a student flow model the inflow into grammar sc^iools 
is doubled by Simulation, the outcome of the above models will be 
that the number of pupils will double too and after some time one 
will see a doubling of the numbers of university students. Whether 
this is realistic or not is however an open question: other types 
of students will enter grammar schools, the qualilty of education 
in grammar schools may be lowered, and the transfer to university 
education will not be unaffected. ^ 

The danger of simulating isolated variations is especially 
present vvhen a too technical approach is use.d. This means that 
calculation models like SOM and^the Dutch model have to be 
supplemented vith other models ^implicit or explicit') which de- 
scribe the interdependencies within the system. 

The following paragraphs contain some suggestions and 
experiences on the way in which the shortcomings of both models 
can be met. 
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The need foi^a realistic forecast 

SOM and the Dutch educational model have one thing in 
common: they are just technical descriptions, which are valuable 
as bookkeeping procedures but form a f)Oor description of reality. 
Compared with economic forecasting the stixdent ,flow fiiodel resem- 
bles most the technique used for. the application of an input- 
output system which has to be supplemented by an econometric model 
(containing behavioural equations) in order to produce realistic 
forecasts. In fact in the Netherlands the econometric model pz-o- ^ 
duces the forecasts which are sy^^tematically worked out with the 
aid of input-outp-it analysis. In the following a description is 
given of the way in which forecasts of the coefficients could be * 
made. 

The student flow model 

Here, four groups of coefficients have to be estimated: 
entrance coefficients »(E), transition coefficients (0,R and Q), 
leaving coefficients (S and U) and death and emigration coeffi- 
cients (V), For each of t.hem a thorough analysis has to be made 
of the 'factors that detennine their development in time(l). 

For example the transitipn coefficients are influenced- by 
)^%\^^'^^^ income per capita (G2iP/B), social stratification 
(BeJ, scholarships (Sen) and autonomous factors (au). Moreover 
repetition and transfer is influenced by the "educational history" 
of students: the number of classes repeated, etc. 

^^t-1' ®t-2****^* thus: 

A practical example of the problems arising when coefficients 
are estimated vill be given on the basis of an application of the 
student flow model to Grammar Schools. Prom cross-section and time- 
series analysis it appeared that a strong^^^elation exists 
between the admission to Grammar Schools-^no^ncome per capita. 
This relation has been used for the assessment of entrance co- 
efficients (Bt). The estimated growing transfer to Grammar Schools 
implies a decline in the transfer to other types of -secondary 
education. The consequences and plausibility of this have been 
tested in an application of thp model to the whole educational * 
system(2). 

* ^ - * 

(1) "See for example: R. Ruiter, "The past and future inflow of 
students into the upper levels of education in the Netherlands", 
OECD, 1967. , 

(2) See e.g. B.A. Thooleh and R. Ruiter: "The long-term develop- 
me^it of education in the Netherlands", OECD, 1969. 
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In estimating the future development of transition coeffi- . 
cients only an approximation could be reached of the methodology 
outlined* above. The main reason is that in 1968 a major reform 
of the structure of secondary education was established < This 
means that autonomous factors play an overwhelmiiag role. Here 
information «cotild be used from the experience of experimental 
schools which started many years ago with the new structxire, 

» 

The transformation of the -old s'taucture into the new one will 
evolve gradually. It turned out that the stxxdent flow system is a 
very efficient tool for the description of this gradual intro- 
duction of the new structure with a corresponding disappearance 
of the old one. Main advantages of this system are the built-in 
consistency of simultaneous f lows* ar^ the fact that all flows can 
be described explicitly*^ 

A summary of the most important coefficients used in this 
application of the student flow model is presented in Table 1, 
The coefficients for the years 1967 and 1980 are given as frac- 
tions of student stocks at the beginning of the school y^r. 

Table 1 

Key coefficients for Grammar Schools, males. 1967 and 1980 





lowest grade 


, highest 'grade ' 




1967 


1980 


1967 


1980 


repetition 


.160', 


.105 


.100 


.050 


passing, resp. graduation 


.722 


.825 


.870 


.925 


transfer to other 
education 


.105 ■ 


^ .065 


.004 


* 

.603 ■ 


school-leaving 


.012 


.004 


• .024 


.018 


death y emigration i 


.001 


.001 


.002 


.002 


1 


1.000 • 


1.000 


1.000 


1.000 



Source ? 1967 Central Bureau of Statistics 
I98O Estimate, central alternative 



The table shows a decline of the repetion rate which is 
» expected to resiilt from the intended tackling of the repetition 
problem by educational authorities. V^e decline of the school- 
leaving rate is caused by the general tendency to stay longer ^ 
at school. Consequently, the passing rate will go up. Takerf 
togA:her the flows add up to 100 per cent of student stocks at 
the oe^inning of the school year. 



The resource model 

, .3tarting with personnel expenditures two groups oi coeffi- 
cients '^bave to be estimated: the teacher-pupil ratio (LPR) and 
mean salaries per teacher (W-L). Por LPR starting point of the 
estimate' is the desired ratio:^R<i, which is dependent on the - 
desired class-size, the number of teaching hours per class and/" 
the number of working hours per full-time teacher devoted to pu3pe 
teaching. Then equation C2.1; becomes for the desired numbers of 
teachers 1^ (in fuil-time equivalents)-? ' - . -T. 

1^ = lprJ. p,. 

Next an estimate has to be made of 'leacher supply (1®) which 
is dependent on the nximbers of persons with an adequate education 
al background (A-^)^ and autonomous factors: 

(See alsa^ -Equation' 3.2 of the manpower supply m'odel). 

Balance between supply and demand is reached by relative 
teacher rem\merations and other mostly autonomous factors, 
including policy decisions at the demand side: 

-^t f^^^'^' ^t' % , au). ' ^ 

V t 

The development of mean salary per full-time teacher cannot 
be estimated without information from a general economic model. 
Poi- example the medium term economic mod^l of the C.P.B. contains 
the follcKing wage equation(l): " 

= 0.220 '^aq^ •'■-P°t-1 ^ P°t-2^ + 0.400 (h^ + h^_^) - 

# * 

- 0.045 (w^ + w^^^) + 0.086. 

Here the wage level depends on the change in consumption 
price (pc) J the change in laboiir productivity (h), and unemploy- 
ment (w)^ including effects from earlier years. 

The development in time of teachers* salaries depends on 
three factors; 



(1) See; 'C.A. van den Beld: "Dynamiek der ontwikkeling op middel- 
lange termijn", Rotterdam, 1967. 



a. general price, rise due to inflation; 

b. general increase in real wages; t^yi^ 

♦ 

c. specific increase in teachers' salaries. 

From an .analysis pf the^ period 1950-1966(1) ±\ followed that 
for all educational lavels taken together the rise of mean salar- 
ies was explained for 55 per cent by the first factor, for 40 per 
cent by the second, and for only 6 per cent by specific factors. 
A forecast of the first two factors has to be derived from a 
general wage equation. The last factor is mainly dependent upon 
the supply/demand situation for teachers. The importance of the 
salary faptor is stressed-by the fact that. nearly 75 per cent of 
the increase in personnel expenditures in the above period was 
caused by the increase in salary per teacher. 

; ■ . / 

Material expenditures for one type of, school vary with the nxombers 
of students, classes or teachers and schools. Moreover there is 
a variation in time because of price increases and because of 

^ specific increases vhich (fan partly be explained by policy measures 

•but have above all an autonomous character. Thus: 

*x^ = f(p^, 1^, schools, prices, GNP/B, au)^ 

- The iddition of (GNP/B), income per capita, to the above 
fxmction can be explained by the fact that the specific increase 
is strongly related with the rising standard of living vhich hap 
its implications for "living" at school. The main cause is the 
rising quality (and thus price) cjf already existing materials, ^ 
and the purchase of newly invented educational facilities. 

This factor exercises an important and thereby disttirbing 
influence on an analysis, because it overwhelms largely the other 
factors. the period 1950-1966 the more or less autonomous 
increase can be estimated to explain nearly 50 per cent of the 
total increase of material expenditures per student. 

t 

V 

* Capital expenditures were, presented in equation 2.4 a,s a function 
of needed capacity expansion and exogeneous factors* In SOM 
OTily inve'sti^ents needed are calculated. In fact, however, the 
exogeneous faators are more important than th^ desii:ed capacity- 
expansion. Frob an analysis of investments in primary and pre- 
primary education, the following relation iras found (see also 
graph 2): • ' 

Inv.^ = 14.5 (1^ - + 1.4 he - 18.5 - 1.9 p.J.nv.^ + 

- • • . 67^0 



(1) See: J. Passenier and/R. Ruiter:' "Expenditures on education 
in the Netherlands", OECD, 1969. 
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, • Graph 2 ' ' 

INVESTMENT IN PRE-PRIHARY AND PRIMARY EDUCATION 
(in millions of guilders, 1966 prices) 1952-1966 
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,Tl3^ number of houses constructed (he) is used as an indi- 
cator for regional replacement as houses are mainly built in the 
new suburbs, while unemployment (w) and the price rise (p.inv.) 
are economic factors that 'explain fluctuations. From Graph 2 it 
will become clear that the growth .in the number of teachers 
'^explains only a marginal share of the variatiofts. This means that 
a purely^ technical Tor SOM) approach does not work in fore- 
casting capital expenditures^ • 



Total resources were found bV adding up the tha:^e component 
parts. However, even if more realistic estimates as indicated 
above are made for the component parts, one csmhot be- sure that a 
realistic estimate for the total of expenditures is obtained. The 
estimates are very detailed so that a cumulation o'f estimating 
errors can result. Therefore a global check is needed in order to 
judge whether the total amount is acceptable from a macro-economic 
point of view. This is done by relating total educatioijal expendi- 
tures to Gross National Product. This relation was investigated 
for .the years 1900-1966(1). Four different periods can be 
distinguished, characterised by different elasticities. When the 
crisis period 1950-1958 is left out, a declining elasticity cgji 
be noticed, viz. 5*75 for 1900-1915; .2.65 for 1915-1950, and 2.09 
for 1950-1966. An extrapolation of this trend produces a useful 
global check for more deteiled expenditures forecasts. 

The result of a comparison between the -two forecasts 'may be 
that the more detailed estimates have to be checked,^ e»g. on 
inconsistencies. It is possible then that^^the two outcomes remain^ 
different. Without further analysis it is not possible to judge 
which one- is the most realistic. 



The manpower supply model 

In* paragraph 1.3 something has been said already about the 
necessity of a link with a general economic model* For example 
participation. rates partly depend on the general economic situation 

dB^ = - 0.500 (dw^ + dw^_^) +-d B^^^^, 

which m^ans that the increase of labour gupply (dB) is smaller 
than the autonomous increase (dBau) when linemployment (w) is 
rising. On the other hand the general economic model needs infor- 
mation from the educational model on the participation in education 
of age groups above the compulsory age, which can either study or 
work. ^ * 

The outcome of the educational model, the supply of manpower 
by educational level, cam. then be compared with the demand for 
skilled manpower following from the general economic model. An 
example of this was included in the latest medium-term plan of 



(l) Passenier and Ruiter, op.cit . 
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the Central Planning Bureau: "The Ihxtch Economy in 1973" • n 
Estimates were made of global econometricrelations between the 
demand for educated manpower (by fiv^ levels) and some general 
economic iiraicators# After comparison of demand and supply 
(estimated with the aid of the model presented here), a picture 
arose of possible shorties and surpluses by. educational level. , 
The outcome was checked, i.e. with expert-opinion in this field* 

There are still some shortcomings, especially in the 'field . 
of available statistics from whicii these kinds of relations can be^ 
estimated. In any case it ds a new step in a field'where still 
much work has to be done. 



Conclusion 

In the foregoing a deeper insight is given in the way in 
which forecasts are ^adagt^ should be made) of coefficients 
appearing in the educat^^H. model presented in this paper. In 
Graph 5 a summary is giv^iSof the many links within the edv^cation- 
a> model and with the general economic model. From this survey ^ 
b;road pattern arises of flows of information each of which has 
to be based on prior analysis. * ^ 

\ * ♦ ^ 

It is clearly a too simple idea that' the design of a formal- 
ised model is a sufficient condition for educational forecasting. 
On the c6ntrary, it is not even a jiecessary condition. The analy- 
sis of relations existing within ti^e educational system and with 
other systems is at least as impdSrtant as a model. Both SOM 
and the Butch educational model presented in Chapter I are nothing 
more than sets of definitional^ equations for which all pure forer 
casting has to be made outside' the model. The extension of the 
Dutch' model presented here means that the original model is main- 
tained and that a set of behavioural equations is added. Apart 
from a purely technical description of the operation of the edu- 
cational system (e.g. transfer to higher 4ypes of schools), the 
model thus obteiined gives a description of the way in which the 
operation of this system is influenced by the reaction of people 
(e.g. the influence of rising^ncome on the transfer to higher 
types of schools). 

Only in- this way the model becomes: "a theoretical descrip- 
tion of certain aspects of a real life process or system**(l), 
with the aid of which realistic forecasts can be made. Moreover, 
only in this way the model produces the advantages that it gives 
"a deeper insight in what (statistical) data. are the most impor- 
tant ones for obtaining information relevant to educational 
planning, policies"(l) • 

« 

The need for realistic simulation ^ 

After the foregoing discussion not much has to be said about 
the way in which a realistic magnitude of variation, to be simu- 
lated by the model, has to be, chosen. Prom the analysis two 



(1) Quote from: "SOM", OECD, 1970. ' , ' ' 

- 160 - 

138' ■ ■ 



categories of variation problem^ appear. 

First, estimates of coefficients are always accompanied by 
estimating errors which give an amount of uncertainty .to the out- 
comes. Thus on statistical grounds a certain ^deviation from the 
estimated values is possible. Here simulation is desirable because 
it gives W ina^ght into the upper and under boundaries between 
which the most probabi^ outcomes may lie, Especisilly for policy- 
makers it is important to know to what extent they can trust * 
the so-called "centrsil gLltemative" which is produced by the pure 
forecast, 

' A second category of problems for which simulation is desir- 
able is the uncertainty about the assumptions 'made. Here a dis- 
tinction can be made <between autonomotis factors on which policy- 
makers have little or no influence,' and insti^ents which *form 
part of educational policy. Policy-makers may be expected to h^e 
a special interest in the way their instruments work and in the^ 
extent to which they can exercise influence wi"^ their instruments. 

ExamplePs can be taken from the application of the student 
flow model to Grammar Schools. 

An example of the first category of varia1;ion problems 'is 
formed by the unexplained residuals in entrance rates in the- 
analysed period. As a consequence one should take into account 
a certain extent of variation for the forecasting period. 

A problem belonging to the second category is the uncertainty 
about the extent to which educational authorities will succeed in 
reducing the repetition rate. In the central alternative a very 
gradual reduction of repetition was assulned. It is however possible 
that a quicker reduction will result. Therefore it has been tested 
with the model what is the influence of vaimtions of the repetition 
rate on the numbers of pupils and diplomas, a striking result was 
the small effect of this coefficient. 

The repetition rate was looked upon here as a variable on 
which educational policy-makers can assert influence with the aid 
of their instruments* One can question, Uowever, the extent to 
which such instruments can be used in practice." !Dhis question 
refers in fact ^to many of the instruments policy-makers are 
supposed to have at their disposal. The result is that the in- 
fluence of government policy can easily be .overestimated. For 
example in^the report by Passenier and Ruiter, cited before, the 
conclusion was reached that "post-war policy-makers in education 
can only be praised (or blamed) for about 10 per cent of the 
increase in the educational budget". The same kind of conclusion 
was reached by Ruiter in his report: ."Education and Manpower 
Forfecasts"(l) . From an analysis of three important categories of 
instruments it followed , that "in all probability these instruments 
are not very effective in achieving the objectives in view". 

The same pEenomenon can be observed in Jbiother ^ield, viz. • 
income policy. In the Netherlands govei*nment has many instruments, 
but rather ineffective ones, at its disposal. Compensating' powers 



(l)' la: "Planning and development in the Netherlands", vol.111, 
No* 1/2* The Hgigue, 1963 . 
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in society make that income policy does not work adequately as 
can be* shown by multiple regression an^ysis^ 

The conclusion is that simulation should be preceded by 
careful analysis of the extent to which variatioal can be expected 
and instruments .can be used. 



The need for consistency in simulating 

Prom the example^ given above a second conclusion can be 
drawn. When isolated variations are simulated compensating (or 
cumulating) factors are not tsiken into consideration so that 
wrong answers are found. 

/ 

^ Especially in the student flow model a variation in one of 
tl;i^ coefficients has implications for many other cbefficients, 
not ^ only in the same year, but also in future years. This has 
been expressed in paragraph 3.2 by: 



' In a purely technical* (or SOM) abroach these inter- 
dependencies are n6t takeit into account so that one cannot dxpect 
to find correct answers. This is proved in the SOM report by 
the Application S^udy. Here the transition coefficients found in 
the base year for the whole student stock are extrapolated and 
app-lied to a certain marginal grouj^ of students. This marginal 
group would have ^left school if the school-leaving age had not 
been raised. This means that these students show in any case not 
the same flow pattern as those who stay at ^school voluntarily. . 
(Moreover the question can be raised whether a student flow model 
is the best one for the study of these kinds of problems; cohort 
analysis seems to offer a far more efficient approach). 

. ^ Pqr a proper use of a styident flow model for simulation 
purposes each simulation problem requires another specification 
of students, for -example: 

.to social group, i.e. democratization; 

- to region, i.e. removal of regional disparities; 

- to educational history, i.e. tackling of repet^tipn problem; 

- to second-best choice, i.e. redistribution in' case of 

- Restricted entry; 

• > * 

- to age-group, i.e. raising the school-leaving age, etc. 



Prom a technical point of view a detailed specif ica'tion can ' 
easily be handled by a student flow model. 

Only se*ldomly ^will the statistical material for these speci- 
fications be availably. But a £uess based for exsimple on enquiries 
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will produce better results than a bold application of general 
coefficients to a marginal group. 

The inter-dependencies between variations of the coefficients 
are automatically implied if the right specification is chpsen 
for a simulation problem. For that a painstaicing suialysis may be 
necessary. Simulation of a student flow mo^el without prior 
analysis- o'f the inter-dependencies is nothing more than the 
managi-ng of a sophisticated system of bookkeeping by a junior 
clerk. f 



IV. SUI'IMARY AND CONCLUSIONS 



A comparison between SOM> the OECD Simvilation Option 
Model, and a Butch educational model which is partly based on the 
concept of student flows, shows that apart^ f rom some technic^ 
differences, a large extent of similarity exists* This is hardly 
sxxrprising where both models only describe technical relation^ihips 
within the educational system. The student flow model, for example, 
has only one exogeneous variable, namely population, and describes 
education as a completely closed system. 

Partly on the basis of experience with the application of 
the Dutch model an attempt has been made to investigate the 
possibilities and limitations of both models for the purpose of 
educational forejcasting and simulation. It appeared that this 
type of model does not produce by itself realistic forecasts or 

simulations that givB correct stnswers. 

*i , 

This means^ that calculation models like SOM and the Dutch 
model have to be supplemented with sets of behavioural equations 
which describe the relationships between education and the whole 
economic ,and social syst'em. , 

The most important conclusion is that ainalysis is at least 
as important as a modlsl and that the design of a model without 
prior analysis only means a firsv, experimental stage in model 
building. 
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